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PREFACE.
My asso c ia tio n  with R uchill H ospital in  the  capacity  o f re s id en t a ss is ta n t 
physician  to the  fev er wards dates from January 1940* From th is  period  
u n t i l  I  took charge o f  the  wards confined to  the  treatm ent o f cerebrospinal 
fe v e r, ample opportun ity  was afforded  to  acquaint m yself w ith cases o f 
acute meningococcal in fe c tio n , to  fo llow  the course o f the i l ln e s s ,  and 
to observe th e  ra p id ity  o f  recovery follow ing treatm ent with 
sulphsnilam ide and su lphapyridine. Subsequently the  opportunity  presented  
i t s e l f  to  admit to  h o sp ita l many o f  th ese  cases and to  carry  out 
p e rso n a lly  the  i n i t i a l  treatm ent. This in tro d u c tio n  to the  remarkable 
p ro g ress  already achieved in  cerebrosp inal fev er was both a g ra tify in g  
and s tim u la tin g  experience and seemed to  suggest th a t  l i t t l e  more need 
be dome to  ju s t i f y  the  claims made fo r  th ese  chemotherapeutic agents*
The in tro d u c tio n  o f  sulphanilam ide and sulphapyridine as was to  be 
expected, was soon followed by the  p re sen ta tio n  o f  o th e r su lphanil amide 
d e r iv a tiv e s , some o f which have been claimed equal i f  n o t su p erio r to  
t h e i r  predecessors. U n til th e  e ff ic ie n c y  o f th ese  new compounds has 
been proved by extensive experim ental and c l in ic a l  in v e s tig a tio n , i t  i s  to  
be hoped, as Dr* Long says in  h is  re p o rt to  the  Council o f  Pharmacy and 
Chemistry, th a t  "enthusiasm s do n o t outrun common sense ."  I t  was f e l t  
th e re fo re  th a t  a proper c l in ic a l  evaluation  o f  th e  sulphonamide drugs a t
p re se n t used in  th i s  h o sp ita l in  th e  treatm ent o f  cerebrosp inal fev e r might 
be p ro f i ta b ly  undertaken in  the hope th a t  inform ation gained might help 
to  s e t t l e  th e  controversy as to  which p rep ara tio n  can be employed w ith /
( i i )
w ith g re a te s t advantage to the p a t ie n t .  With th is  o b jec t in  view,
I  took charge o f  the cerebrosp inal fever wards in  the  summer o f 1940.
The in v e s tig a tio n  has two primary o b jec tiv es ; (1) by tak ing  
advantage o f the p resen t in creased  prevalence o f  the d isesee , to  presen t 
adequate s e r ie s  o f  cases tre a te d  with d if fe re n t  sulphonamide drugs, v iz . ,
t
su lphan il ami de* su lphath iazo le , and sulphapyridine, in  an endeavour to 
a r r iv e  a t  a considered opinion as to  the  su p e rio rity , i f  any, o f any one 
o f  th ese  compounds in  th e  treatm ent o f cerebrosp inal fever; (2) in  the 
l i g h t  o f  knowledge gained to  determ ine prognosis in  cerebrospinal fev er 
under modem methods o f  treatm ent.
Opportunity was taken to adm inister to  one group o f cases, 
meningococcus an tito x in  in  add ition  to  su lphanilam ide^n o rder to assess  
th e  value o f  th e  combined method o f  therapy.
This study which must n e c e s sa r ily  take the form o f  a comparative 
a n a ly s is  labours under the  obvious disadvantage o f  a lack  o f  a co n tro lled  
s e r ie s  o f p a t ie n ts  no t tre a te d  by chemotherapy. The undoubted value, 
however, o f  th e  sulphonamide drugs in  cerebrospinal fever i s  now so fim L y 
es ta b lish ed  th a t  no p a tie n t  can ju s t i f i a b ly  be deprived o f  th e i r  b e n e f its .
I t  w ill be app ropria te  a t  t h i s  ju n c tu re  to  review b r ie f ly  e a r l i e r
experiences o f chemotherapy in  cerebrosp inal fev er recorded by my more
immediate p redecessors. J u s t  p r io r  to the  advent o f  th e  sulphonamide drugs,
trea tm en t o f cerebrosp inal fever in  E uch ill H ospital co n sis ted  o f  the
in tra th e c a l  adm in istra tion  o f p o ly v a len t antimeningococcal serum, repeated
d a ily  u n t i l  the  cerebrosp inal f lu id  became s t e r i l e .  Importance was
a ttach ed  to adequate drainage o f  the  subarachnoid space and d a ily  lumbar
punctures were performed, when la rg e  amounts o f cerebrosp inal f lu id  were 
withdrawn.
( i i i )
A p e ru sa l o f  the  case records shows th a t c l in ic a l  t r i a l s  with 
p ro n to s il  and "p ro n to s il so luble" were f i r s t  commenced in  June 1937.
The red dye was adm inistered in travenously  and in tram uscularly  and also 
by th e  in tra th e c a l  ro u te , while th e  o ra l p rep ara tio n  was given a t  four- 
hourly  in te rv a ls  in  th e  form o f  0 .5  gramme ta b le ts .  Antimeningocoecal 
serum was employed as form erly and d a ily  lumbar punctures were continued 
as  a ro u tin e  measure. The r e s u l ts  were no t s a tis fa c to ry .
In  1938 su lphan il amide was used exclusive ly  in  conjunction with 
sero therapy. In  add ition  to o ra l therapy, th e  drug was adm inistered by 
th e  in tram uscu lar and in tra th e c a l  rou tes  in  the  fo ra  o f  a 0 .8  p er cent, 
so lu tio n . Of the  fo rty -one  tre a te d  cases, twenty proved f a ta l ,  re su ltin g  
in  a death  r a te  o f  48.7  p e r eent.
In  1939 d a ily  lumbar puncture as a ro u tin e  measure was discontinued 
and serum adm inistered a t  f i r s t  follow ing the  i n i t i a l  lumbar puncture 
was subsequently stopped. Chemo therapy in  the  form o f su lphan il amide
o r  sulphapyridine became th e  method o f  choice, and u n less  th e  condition  
o f  the  p a t ie n t  requ ired  i t ,  only two ljuabar punctures were performed, th e  
f i r s t  on the  patien t*  s admission to h o sp ita l fo r  d iag n o stic  purposes, and
th e  second p r io r  to th e  patien t*  s d ischarge. That th i s  method o f 
therapy was more e f fe c tiv e , i s  shown by th e  death r a te ,  which f e l l  by 
f i f t y  p e r  cen t compared w ith th e  previous year. Out o f th ir ty -se v e n  
tre a te d  cases, onlynine d ied , rep resen tin g  a f a t a l i t y  r a te  o f  24.3 Pe r cen t. 
Treatment during 1940 was continued along s im ila r  l in e s  w ith th e  exception 
th a t  more lumbar punctures were performed during th e  i n i t i a l  s tages o f  
th e  d isease  in  an attem pt to  a ssess  the  e f fe c ts  o f  chemotherapy.
(iv)
P relim inary  in v e s tig a tio n s  designed, to assess  the  re la t iv e  m erits 
o f  su lp h an il amide and sulphapyridine in  cerebrospinal fever were f i r s t  
in s t i tu t e d  by Dr. Tom Anderson, Deputy Physician Superintendent, towards 
th e  end o f 1939> were continued to include the  spring o f  1940. The 
i n i t i a l  lab o u r involved in  the  planning o f such an experiment and the 
form ulation o f  methods o f approach b es t ca lcu la ted  to make use o f c l in ic a l  
and b a c te r io lo g ic a l d a ta  fo r  comparative analyses have f a c i l i t a te d  a l l  
subsequent in v e s tig a tio n s . I  am deeply indebted to Dr. Anderson fo r  h is  
help  and encouragement and fo r  th e  b en e fit o f  h is  valuable experience 
in  deciding th e  methods to  be adopted in  th i s  study.
My thanks a re  a lso  due to Dr. William S. Syme, Consulting Auxist to 
th e  H osp ita l, who in v e s tig a te d  those p a t ie n ts  in  whom the d isease  was 
com plicated by a ffe c tio n s  o f th e  e a rs . His advice w ith regard to 
prognosis in  nerve deafness and i t s  a f te r -c a re  was g rea tly  appreciated .
I  am indeb ted  to  Dr. John M arshall, Consulting Ophthalmologist to  the  
H osp ita l, fo r  h is  help and advice in  th e  treatm ent o f com plications a f fe c t­
in g  th e  eyes. Where necessary , p a t ie n ts  a f te r  th e i r  discharge from 
h o sp ita l were re fe rre d  to h is  o u t-p a tie n t  c l in ic  a t  the  E^e In firm ary .
To Dr. K .J. Guthrie o f  th e  Royal H ospital fo r  Sick Children I  express 
my g ra te fu l thanks fo r  her a ss is tan c e  in  the  tra n s la tio n  o f th e  German 
l i t e r a t u r e  quoted in  the  te x t .
I  a lso  d e s ire  to  express my thanks to  th e  s i s t e r s  and nursing  s ta f f s
th a t  were attached  to the  cerebrosp inal fev er wards fo r  th e i r  a s s is tan c e  
and i n t e r e s t  shown in  the  in v e s tig a tio n .
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HISTORY.
«
The d isea se  which we now know as cerebrospinal fever was f i r s t  described 
by Vieusseux a t  Geneva in  1805. The causal agent, Diplococcus in tra c e l lu la r ! s  
m en in g itid is  o r  meningococcus, was iso la te d  by Weichselbaum in  1887. The 
acu te  form o f  th e  d isease  known in  ea rly  tim es as the "spotted  fever" and 
th e  "black death" was alm ost c e r ta in ly  confused with typhus and en te ric  
fev e r. This f a c t ,  as R olleston (1919) p o in ts  ou t, must be borne in  mind 
when one reads th e  d e sc rip tio n s  o f  cerebrosp inal fever in  the  works o f 
H ippocrates, Celsus, Paul o f  Aegina, and o th e rs  p r io r  to I 805. fbe 
f a l la c ie s  a sso c ia ted  with p a s t records were recognised by Murchison, who, 
as l a t e  as 1865 s ta te d  th a t  " the grounds fo r  drawing a sp e c ific  d is tin c tio n  
between epidemic cerebrosp inal m en ing itis , o r  th e  spotted fev er o f America, 
and typhus a re  most in co n c lu siv e ."  A "new d isease"  described by W illis  in  
1661 bears a c lo se  resemblance to  cerebrospinal fever. Sydenham* s account 
o f a "new fever" in  which are  noted fever and c a ta rrh  and the frequent 
occurrence o f purp le  spots on the  skin , p o in ts  to the probable appearance 
o f  th e  d isease  in  1865. In  the  year I 806, one y ear a f te r  the  c la s s ic a l  
d e sc rip tio n  o f Vieusseux, cerebrosp inal fever appeared in  America where i t  
was described  a t  M idfield, M assachnssetts by Danielson and Man. An 
epidemic occurred in  the P russian  Array during the  period  1806-07* Hirseh 
who has d e a lt  very fu lly  w ith the  h is to ry  o f the d isease  from 1305-86
in d ic a te d  th a t  cerebrosp inal fever showed four periods of epidemic prevalence 
during  th a t  tim e. A f i f t h  period  has been added by Rolleston dating  from 
1903 to th e  p re sen t day. The e a r l i e r  epidemics were confined mainly to  the 
European C ontinent and America.
Wright and Archibald (1906) drew a tte n tio n  to outbreaks of 
cerebrosp inal fev er which went unrecognised in  th is  country. The 
Northamptonshire epidemic o f I 89O-9I  was mistaken fo r  pneumonia; in  the 
eas te rn  coun ties o f Ehgland in  I 890 i t  was regarded as sunstroke and 
e n te r ic  fev e r, while in  the  Irth lingborough  outbreak i t  was considered to 
be in flu en za . I t s  f i r s t  recorded appearance in  the United Kingdom was in  
1846 when th e re  was an outbreak among the inm ates o f the B elfast and 
Dublin workhouses. The f i r s t  cases to  a t t r a c t  a tte n tio n  in  Scotland were 
published  by Dr. Maclagan in  1836 in  which th ir ty - fo u r  cases were 
recorded as having occurred in  epidemic form in  Dundee during the w inter 
o f  1877- 78. The in creased  prevalence during the year 1906 le d  the 
medical o f f ic e r  o f  h ea lth  in  Glasgow to  recommend th a t  cerebrospinal fever 
be included in  th e  l i s t  o f  n o t i f ia b le  d iseases  in  th a t c ity . The year 1907 
saw outbreaks o f the d isease  in  B e lfa s t, (623 cases with I 35 deaths) 
in  Glasgow, (998 cases w ith 715 deaths) and in  Edinburgh, (206 cases with 
I 35 d ea ths).
England and Wales enjoyed comparative immunity u n t i l  1914. Considerable 
a tte n tio n  which had been given to the d isease  in  the  p r in c ip a l c i t i e s  of 
Europe and America was in strum ental in  hastening  th e  in tro d u c tio n  o f 
permanent compulsory n o tif ic a t io n  in  1912. A study o f the  n o t i f ic a t io n s  
and deaths from the  year I 9I 3 leav es  no doubt as to  the  in c rea se  o f 
cerebrosp inal fev er in  th is  country a f te r  the outbreak o f  th e  war, th i s
in c rea se  being a ttr ib u te d  mainly to the crowding together o f r e c ru i ts  in  
barracks and camps with the consequent r i s e  m  the  e a r n e r  r a te  (R o lleston). 
The weekly re tu rn s  o f the  R eg is tra r  General fo r  England and Wales show th a t  
in  I 9I 5 th e re  were 2,566 n o t if ic a t io n s  among the  c iv i l ia n  population  w ith 
2,203 deaths; in  the  years 1914-18 th e re  were 6,450 c iv i l ia n  cases. The /
-  3 -
The in  c l deace f e l l  sharply  in  the post-w ar years and remained thus 
u n t i l  the  years I 93L-3 2  when th e re  was an outbreak on a scale s im ila r to 
th a t  o f 1914~l8. The p resen t epidemic which began about I 937 appeared 
to  be o f a s im ila r  s iz e , txit the  advent o f war has once again caused an 
in c re a se  in  case incidence which promises to make th i s  outbreak the la rg e s t  
in  th e  records o f the country.
M o rta lity .
I t  i s  recognised th a t  th e re  are  a number o f fa c to rs  which in fluence 
th e  death  r a te  in  cerebrosp inal fev er. Underwood (1940) shows how the  
death  r a te  v a rie s  in  d if f e re n t  p a r ts  o f  the world. He has tab u la ted  data 
fo r  tw en ty -six  outbreaks and has po in ted  out th a t  the f a t a l i t y  r a te  covers 
a wide range from the  low est, 34 p e r cent, to the h ighest ra te , 82 p e r cent. 
Walsh (1933) has drawn a tte n tio n  to  the  wide v a r ia b i l i ty  demonstrated in  
epidemics in  America. He recorded the  experience o f  some twenty m illion  
urban dw ellers w ith the d isease  over a period  o f six teen  years  (1920- 36) .
He in d ica ted  th a t  the f a t a l i t y  r a te  in  various m u n ic ip a litie s  has varied  
between 67*7 33*1 p er cent Many examples could be quoted to show
th a t  the  f a t a l i t y  ra te  in  any one epidemic ir re s p e c tiv e  o f i t s  
geographical d is tr ib u tio n  i s  a v a riab le  fa c to r  and p resen ts  wide 
f lu c tu a tio n s  from year to year.
With regard  to the age o f the person a ttack ed , i t  i s  genera lly  agreed 
th a t  m o rta lity  i s  h eav iest among in fa n ts ,a n d  ad u lts  over fo r ty , and th e re  i s  
no reason to  b e liev e  in  s p ite  o f re p o rts  to  the  contrary th a t  chemotherapy 
has done anything to a l t e r  th i s  fa c t .  The f ig u re s  fo r  the  p resen t 
epidemic a re  as y e t incom plete but Underwood hazards the suggestion th a t  "a
considerab le  p roportion  o f the p a t ie n ts  are o ld e r children and young ad u lts  — 
th a t  i s ,  th e  ages a t  which m o rta lity  i s  n a tu ra lly  lo w est."  There i s  no /
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no concrete evidence to  suggest th a t  sex in  i t s e l f  exerts  any 
in flu en ce  on the incidence o f f a ta l  cases.
I t  i s  im portant to take  in to  account the degree o f sev e rity  o f the 
in fe c tio n . The f a t a l i t y  r a te  i s  h igher in  the epidemic as contrasted  
w ith the  l e s s  severe sporadic type o f case, a p o in t to be remembered in  
th e  c l in ic a l  evaluation  o f  the  sulphonamide drugs. ilirtherm ore, i t  has
been noted th a t  th e  m ajo rity  o f  deaths occur a t  the beginning o f  an
\
epidemic when the  cases tend to be more severe.
The wide v a r ia tio n  in  the  f a t a l i t y  and c l in ic a l  p ic tu re  o f
cereb rosp ina l fe v e r a t  d if f e r e n t  tim es and p laces  i s  la rg e ly  responsib le
fo r  the d i f f i c u l ty  in  assessin g  the value o f d if fe re n t  methods o f
treatm ent i r r e s p e c t iv e  o f  th e  th e rap eu tic  measures employed.
F a ta l i ty  r a te s  in  Glasgow from 1914 to 1940 a re  shown in  C h a r t I .
I t  w ill be observed th a t  the  f a t a l i t y  r a te  has fa lle n  considerably in  th a t
c i ty  in  recen t y ears. From the da ta  a t  h is  d isposa l Underwood considers
the  r e s u l ts  o f  the  sulphonamide drugs in  cerebrospinal fev er, with regard
to f a t a l i t y ,  to be highly s a tis fa c to ry  and a d is t in c t  advance on anything
p rev iously  experienced. Recent advances in  chemotherapy encourage the hope
*
th a t  m o rta lity  w ill be fu r th e r  reduced in  th is  h ith e rto  grave d isease .
SEROTHERAPY.
The p rev ious heavy m o rta lity  experienced in  cerebrospinal fev er in  
s p ite  o f the  in tro d u c tio n  o f lumbar puncture, remained u n a lte red  u n t i l  the 
y ea r 1905 when Flexner in  America and Jochmann in  Germany commenced th e i r  
experim ental in v e s tig a tio n  on the  production o f sp e c ific  immune serum, 
f le x n e r 's  work d id  most to e s ta b lis h  the value o f antimeningococeal serum
serum as adm inistered by th e  in tra th e c a l  ro u te . Flexner, l ik e  Jocfaraann, 
produced sp e c if ic  serum on a la rg e  sca le  by immunising horses, and f i r s t  
used i t  in  1907 In  an epidemic outbreak o f cerebrospinal fev er in  Akron,
Ohio. The death  r a te  in  serum -treated  cases was 25 per cent compared with 
a previous death  r a te  o f over 80 p e r cent. Subsequent rep o rts  on the 
use o f serum inc lud ing  the  p rep ara tio n s  o f K olie and Wassermann (1907) in  
la rg e  s e r ie s  o f  cases t e s t i f i e d  to i t s  e ffic ac y  and demonstrated a 
reduction  in  th e  f a t a l i t y  r a te  to p e r cent.
In  s p ite  o f  the  long continued use o f serum in  the treatm ent of 
cerebrosp inal fev er the m ajo rity  o f observers in  th is  country have held 
c o n f lic tin g  views a s  to i t s  e fficacy . Robb (1907) found the serum treatm ent 
o f h is  cases to be very u n sa tis fa c to ry . He ex h ib ited  antimeningococcal 
serum in  a s e r ie s  o f  seventy-nine cases w ith a death r a te  o f 74 p er cen t.
The American workers, who had a t  th i s  time a considerable experience o f 
th e  d isea se , were favourably disposed towards the serum o f Flexner and 
JobLing. Holt (1908) in  New York recorded r e s u l ts  o f  442 cases in  which 
serum was adm inistered in tra th e c a l ly  w ith a f a t a l i t y  r a te  o f 33*3 Pe r  cent. 
McKenzie and M artin (1908) of Glasgow advocated the  use o f in tra th e c a l  
convalescent serum on the grounds th a t  th e  p a t ie n ts 1 Hood serum "possessed 
in  abundance a l l  the  p ro p e rtie s  which in d ica ted  a marked reac tio n  to  a 
meningococcal in fe c t io n ."  They suggested th a t  "the condition might be 
most su ccessfu lly  tre a te d  by the subdural in tro d u c tio n  o f an immune serum."
In  October 1908 C urrie and MacGregor published th e i r  observa tions on the 
serum treatm en t o f cerebrosp inal fever. On c l in ic a l  grounds they were 
fo rced  to  conclude th a t  the adm in istra tion  o f serum was n o t follow ed ty  any
m odification  o f the  n a tu ra l course o f the  d isease ; on the  s t a t i s t i c a l  side  
they could n o t claim th a t  serum therapy had reduced the  to ta l  case f a t a l i t y .
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The f a i lu r e  o f  antimeningococcal serum was commented upon by Rolleston ( I9I 5) 
who was more im pressed by the b e n e fic ia l e f fe c ts  o f  autogenous vaccines 
adm inistered along with serum. R olleston appeared to favour the  use o f an 
a rse n ica l compound, soamin, a drug o r ig in a lly  in troduced  in  the treatm ent 
o f  trypanosom iasis, but l a t e r  used with success by Low in  the treatm ent 
o f  cerebrosp inal fev e r. Batten (1915) condemned th is  p reparation  on the 
grounds o f  i t s  to x ic  e f fe c t  in  producing o p tic  atropljy and b lindness. The 
Lancet o f  June 2 1 st, 1919> i n a lead in g  a r t ic le ,  "The Meningococcus; A 
Recent Chapter", s ta te d , "All who d e a lt  with the d isease  in  England during 
I 9I 5 were profoundly d isappointed with the r e s u l ts  o f treatm ent w ith the
antimeningococcal serum then a v a ila b le  Some authors, indeed, went as
f a r  as to s ta te  th a t  in  th e i r  opinion the o ld  method o f simple lumbar 
puncture and drainage w ithout serum adm in istra tion  was the b e t te r  form of 
tre a tm en t."  However, Dopter* s work in  France, followed in  th is  country 
by th e  b a c te r io lo g ic a l in v e s tig a tio n s  o f  Gordon (1914-13) who was able to 
d i f f e r e n t ia te  the  four main types o f meningococci responsib le  fo r  the 
d ieases, seemed to o f fe r  an explanation fo r  p a s t f a i lu r e s .  In  p lace  o f the  
o r ig in a l  antimeningococcal serum a monovalent serum was now made av a ilab le  
to  th e  c l in ic ia n .
C lin ica l observation  in  the  years which followed d id  n o t j u s t i f y  the 
promise o f type sp e c if ic  serum therapy which was shown in  many cases to 
be unavailing . Apart from the  delay associa ted  w ith se ro lo g ica l id e n t i f i c ­
a tio n , i t  was found im possible in  many in s tan ce s  to type the  in fe c tin g  
meningococcus, a d if f ic u l ty  s t i l l  met w ith a t  the  p resen t day. A re p o rt
published  by th e  M in istry  o f H ealth in  I 93L s tre s se d  the  im portance o f 
e a r ly  and repeated  lumbar puncture to g e th er w ith th e  adm in istra tion  o f a /
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a p o lyvalen t antimeningococcal serum. Banks a t th is  time ( I 93L) recommended 
in travenous and in tra p e ii to n e a l  serum therapy in  those cases where the  type 
o f  the meningococcus was in  doubt. He drew a tten tio n  to the importance of 
d a ily  lumbar puncture as enhancing the  chances o f recovery. Walsh in  h is  
a n a ly s is  o f  la rg e  sca le  American s t a t i s t i c s  concluded th a t  the m o rta lity  
during th e  p a s t s ix teen  years  (1920- 36) had varied  between 38 and 67 per 
cen t, and th a t  i t  had been l i t t l e  in fluenced  by serum treatm ent. The 
production  o f a good antimeningococcal serum o f a more s ta b le  potency, 
and the  r e la t iv e  m erits  o f meningococcus a n tito x in  were questions 
occupying th e  minds o f th e  s c ie n t is ts  and the  c l in ic ia n s  when, in  the 
summer o f  1936* B u ttle , Gray and Stephenson, working in  the Wellcome 
Chemical Research L ab o ra to ries , demonstrated th a t  p-amino benzene 
sulphonamide conferred  some p ro te c tio n  upon mice experim entally in fe c te d  
w ith  cu ltu re s  o f meningococci.
CHEMOTHERAPY.
SULPHANIL AMIDE.
The development o f the  sulphonamide drugs da tes  back sev era l years ago 
when German chem ists in  an endeavour to develop dyes fo r  t e x t i l e  purposes 
prepared azo dyes with sulphonamide and su b s titu te d  sulphamide groups.
They discovered th a t  to make an a n ilin e  dye f a s t  fo r  vegetable fa b r ic s  
i t  had to be b u i l t  up with a double n itrogen  lin k ag e  between two benzene 
r in g s  and a sulphonamide grouping in  the para  p o s itio n  in  one o f the  r in g s . 
Jacobs and H eidelberger (1917) developed a number o f  azo dyes, one, p-amino 
benzene sulphonamide which had been synthesised  by Gelmo in  I 9D8 . They 
wrote th a t  many o f these substances were h ighly  b a c te r ic id a l in  v i t ro .  The
p re c ise  date  o f  the  syn th esis  o f  the p rep ara tio n  4 -sulphonamide 2:4 diamino 
azo benzene, o r  sulpham ido-chrysoidin, the  name now given to  P ro n to s il ,  i s  
u n ce rta in . The f i r s t  re p o rts  on experim ental d a ta  in  r e la t io n  to  /
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to  P ro n to s il were published by Donate in  1935* He found th a t  the  dye would 
p ro te c t  mice in fe c te d  w ith haem olytic s trep to co cc i. L a te r in  the same 
year the  French workers, J .  e t  Mme. T refouel, W itti , and Bovet, suggested 
th a t  those  azo dyes which had been found e f fe c tiv e  as chemotherapeutic 
agents underwent ce r ta in  m odifica tions in  the t is s u e s  o f the  host which 
re su lte d  in  th e i r  being broken down a t the azo lin k ag e  to  j^-amino benzene 
sulphonamide. fhey went on to show th a t  £-amino benzene sulphonamide o r  
su lphan il amide, the name now commonly adopted -  a co lourless and re la t iv e ly  
sim ple organic compound -  had an action  s im ila r  to the  azo dye Pronto s i l
and th a t  the  azo linkage  was unnecessary fo r  th e rap eu tic  e f fe c ts .
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4, -sulphonamido-2s4-diamino azo benzene p-amino benzene sulphonamide.
(P ro n to s il)  ( Sulphanil ami d e).
B u ttle , Gray and Stephenson (1936) were th e  f i r s t  to in troduce 
su lphan il amide as an e f fe c tiv e  chamo th e rap eu tic  agent in  the  con tro l o f  
experim entally  produced meningococcal in fe c tio n s  in  mice. The meningococci 
were suspended in  5 P©r cent mucin according to th e  method described  by 
M ille r  (1935) and in je c te d  in to  mice by the in tra p e r ito n e a l  ro u te . They 
showed th a t  the  degree o f p ro te c tio n  w ith one s tr a in  o f meningococci was 
o f  th e  same order as th a t  with s trep to co cc i. L a te r, Proom (1937) in  &ore 
ex tensive  experiments in  which the drug was given o ra l ly  and subcutaneously 
s ta te d  th a t  "the ea rly  o ra l adm in istra tion  o f  sulphanilam ide p reven ts the 
development o f septicaem ia and death in  mice in fe c te d  w ith m eningococci."
The drug when adm inistered under optim al conditions p ro te c ted  mice ag a in s t 
a m illio n  minimal in fe c tin g  doses o f organism and was equally  e ffe c tiv e  
a g a in s t Group I  and Group I I  meningococci. As a r e s u l t  o f  h is  mouse /
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mouse experim ents, Proom advocated th e  c l in ic a l  t r i a l  o f sulphanilamide. 
Proom* s fin d in g s  were confirmed by Whitby (1937) snd by the American 
workers Branham and Rosenthal (1937)* The l a t t e r  concluded th a t  in  
c l in ic a l  cases an i n i t i a l  subcutaneous dose o f sulphanilam ide was 
in d ic a te d  in  add ition  to o ra l therapy , but fu r th e r  in v es tig a tio n s  
in c lin e d  them to favour the  adm in istra tion  o f  antimeningococcal serum 
along w ith the drug.
Im portant observations upon th e  absorption and excretion  o f 
sulphanilam ide in  human beings were made by H ille r  (1937) who described 
a method fo r  th e  q u a n tita tiv e  determ ination o f su lphanil amide in  the 
blood. From the  subsequent re p o rts  o f  M arshall (1937) and Bis a sso c ia tes  
d a te s  accurate  knowledge concerning the  fa te  o f sulphanilam ide in  the 
human body. They showed th a t ,  follow ing the o ra l adm in istra tion  o f a 
s in g le  dose o f  sulphanilam ide to normal human beings, absorption tended 
to  maximum in  four hours, when the concentration in  the blood dropped 
ra p id ly . They n o ticed  th a t  the  drug passed re a d ily  in to  th e  cerebro­
sp in a l f lu id  and ex is ted  th ere  in  a s l ig h tly  lower concentration then 
i t  d id  in  the  blood -  a f a c t  subsequently confirmed by A llo tt  (193$) i n 
h is  inve£  t ig a tio n s  o f the  sulphanilam ide content o f the  cerebrospinal 
f lu id .  Jaum eck end Gueffroy (1937) in  th e i r  s tu d ie s  o f  th e  
absorp tion  and excretion  o f p ro n to s il ,  n eo p ro n to sil, and sulphanilam ide, 
noted th a t  in  a l l  in s tan ce s  the amount o f  sulphanilam ide p resen t in  
the  cerebrosp inal f lu id  was g rea te r  than th a t o f  e i th e r  dye. An 
im portan t con tribu tion  by Stew art, Rourke, and A llen, (193$) l a id  
emphasis on the  rap id  elim ination  o f sulphanilam ide and drew a tte n tio n
to  the in creased  u r in a ry  excretion in  the  presence 'of in creased  f lu id  
in ta k e . Banks (1939) emphasised the  im portance o f m aintain ing  /
m ain tain ing  adequate concentrations o f th e  drug in  the cerebrospinal 
f lu id  o f  p a t ie n ts  w ith cerebrospinal fev er. He considered 5 mg. per 
100 c .c . to be th e  minimum re l ia b le  standard.
PBOSEPTASm: AND SOLUSEPTASINE.
The advent o f pronto s i l  followed by the p o s tu la tio n  o f sulphanilamide 
as i t s  a c tiv e  p r in c ip le  n a tu ra lly  stim ulated  the search fo r  new and more 
e f fe c tiv e  sulphanilam ide d e riv a tiv e s . In  193^> Goissedet and h is  
c o lla b o ra to rs  reported  the syn thesis  o f p-benizylamino benzene sulphonamide 
o r  benzyl-sulphanilam ide, a compound known in  th is  country as P roseptasine , 
o r  M & B 125, and in  France as Septazine, o r 46 R.P. L a te r Goissedet 
announced the  syn thesis  o f disodium-jD-(tf-phenyl propylamino)-benzene 
sulphonamide-2-tAr'b'-disulphonate. This p repara tion  ca lled  Soluseptasine, 
o r  M & B 137, was more so lub le  fo r  p a re n te ra l adm in istra tion . I t  i s  
known in  France as Soluseptazine, o r  40 R.P. These drugs were claimed 
by the French workers to  be as a c tiv e  chemo th e ra p e u tic a lly  as pronto s i l  
and sulphanilam ide.
In  an experim ental assessment o f p rosep tasine  and so lu sep tasin e , 
Whitby (1937) noted th a t  both drugs were in a c tiv e  ag a in st meningococci, 
w hile Feinstone (1938) and h is  co-workers considered the  benzyl d e riv a tiv e  
to  be the  l e a s t  e f fe c tiv e  o f the common organic su lphur-contain ing  
compounds in  meningococcal in fe c tio n s  in  mice.
<
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L i t t l e  i s  known about the  absorption and excretion  o f  p rosep tasine  
and so lu sep tasin e , although chemotherapeutic a c t iv i ty  would appear to be 
due to a breakdown to sulphanilam ide in  the body (Long and ELiss). The 
low le v e ls  obtained with these  drugs in  the blood and cerebrospinal f lu id  
as shown by Hannah and Hobson ( I 938) t coupled w ith the in a b i l i ty  to 
determ ine accu ra te ly  by chemical an a ly s is  th e i r  concentrations in  the 
body f lu id s ,  has tended to discourage th e i r  kse in  the treatm ent o f 
cerebrosp inal fev er.
SULPHAP YBI DPI E.
Ih r th e r  researches w ith the  o b jec t o f d iscovering  a chemotherapeutic 
agent w ith a udder range o f  a c t iv i ty  and low er to x ic i ty  re su lte d  in  the 
production o f 2-(j>-amino benzene sulphenamido) p y rid in e , a new syn the tic  
compound derived  from sulphanilam ide by the su b s titu tio n  o f one hydrogen 
atom in  the  amide po rtion  o f  the  molecule by a basic  py rid in e  group.
nh7 { "  ^ soznh ^  ^  Sulphapyridine.
N
This substance was subsequently in troduced as M & B 693 o r Dagenan, but 
the  name sulphapyridine given to i t  by the Americans has been generally  
adopted.
Whitby (1938) f i r s t  drew a tte n tio n  to th e  high degree o f a c t iv i ty  o f 
sulphapyridine and compared i t s  action  to th a t  o f  sulphanilam ide in  
experim ental meningococcal in fe c tio n s  in  mice. E is conclusions th a t  both 
drugs were equally  e ffe c tiv e  agreed with the find ings o f Fein stone and 
h is  a sso c ia te s  (1938) who noted th a t  sulphapyrid ine had a b a c te r io s ta t ic  
ac tio n  on the  meningococcus equal to th a t  o f sulphanilam ide.
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Inform ation with regard  to the absorp tion , d is tr ib u tio n  and excretion 
o f su lphapyrid ine in  human beings soon followed. C lin ica l in v es tig a tio n s  
by Hobson and MacQuaide (1938) showed th a t  the  drug was rea d ily  absorbed 
from the  g a s tro - in te s t in a l  t r a c t  end passed rap id ly  from the blood stream 
in to  the  cerebrosp inal f lu id ,  where i t  appeared in  a concentration 
approximately h a lf  o f th a t  found in  the  blood. They were impressed by 
th e  low cerebrosp inal f lu id  le v e ls  necessary fo r  b a c te r io s ta s is  -  le v e ls  
which were considerably lower than those follow ing a s im ila r  dose o f 
sulphanilam idej they remarked upon the slow u r in a iy  excretion  o f  the  
drug. These observations vie re  confirmed by Whitby (193$) and Banks (1939)* 
The l a t t e r  concluded th a t  with sulphapyridine therapy cerebrospinal 
f lu id  concen tra tions o f 5 mgms.per 100 c. c. o r l e s s  were e f f ic ie n t  in  
th e  treatm ent o f cerebrosp inal fever.
SULPHATHIAZOLE.
The recogn ition  o f sulphanilam ide and sulphapyridine as e f fe c tiv e  
chemotherapeutic agents served to in te n s ify  fu r th e r  the  search fo r  s t i l l  
more e f fe c tiv e  and le s s  to x ic  sulphonamide compounds. A p repara tion  
appeared in  which a thi&zol rad ica l replaced one o f the ami do groups in  
sulphanilam ide. This substance, 2- (p.- amino benzene sulphonamido) th ia z o le , 
u su a lly  c a lled  su lphath iazo le , i s  also known in  th is  country as Thiazamide, 
o r  M & B 760, and in  Sw itzerland as CLba 3714. Considerable a tte n tio n  
was given to th is  drug on account o f i t s  high degree o f a c t iv i ty  in  
experim ental staphylococcal in fe c tio n s .
Although the  th iaz o le  d e riv a tiv e s  were f i r s t  synthesised  in  th is  
country, most o f  th e  published  s tu d ies  o f th e i r  ac tio n  have been made in  
th e  United S ta te s . McKee (1939) and ^e r a s so c ia te s , in  a comparative
CH
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comparative study o f the  th e rap eu tic  e f fe c ts  of sulphapyridine and 
su lph a th iazo le  s ta te d  th a t  these drugs were equally  e ffe c tiv e  in  
experim entally  produced meningococcal in fe c tio n s  in  mice. All the  American 
in v e s tig a to rs  from data  obtained in  animal experim ents, were agreed upon 
th e  th e rap eu tic  p o s s ib i l i t i e s  o f  su lphath iaxole  and were impressed by 
i t s  low to x ic i ty  compared with o th e r  sulphanilam ide d e riv a tiv e s .
Long (1940) provided im portant inform ation regarding the absorp tion , 
d is tr ib u tio n  and excretion  o f su lphath iazo le  in  man. He showed th a t  the 
drug d iffe re d  from sulphapyridine in  th a t  i t  was absorbed more rap id ly  from 
th e  g a s tro - in te s t in a l  t r a c t  end reached h igher concentration  in  the blood.
Spink and Hanson (1940) demonstrated the rap id  absorption and excretion  
o f  su lp h ath iazo le , a p roperty  which, they pointed o u t, m ilita te d  ag a in st the 
maintenance o f high concentrations in  the blood stream. Carey (1940), in  
a b r ie f  review o f the  successes achieved with the sulphonamide drugs in  
cerebrosp inal fev e r, emphasized the  f a i lu r e  o f su lphath iazo le  to reach 
adequate le v e ls  in  the cerebrospinal f lu id  and advised against i t s  use in  
th e  treatm ent o f th a t  d isease . This in a b i l i ty  on the p a r t  o f  su lphath iazo le  
to  reach what was considered to be a th e rap eu tic  le v e l  in  th e  cerebrosp inal 
f lu id  was recognised by Banks (1941) when he c a rrie d  ou t a c l in ic a l  t r i a l  
in  meningococcal m en ing itis . In  h is  s e r ie s  o f cases he found th a t  the  blood 
concen tra tions seldom rose above 1 .5  mgm. p e r 100 c. c.
SULPHADIAZINE.
More recen tly  th e re  has been in troduced  in  America the  pyrim idine analogue 
o f  su lphapyrid ine, a compound re su lt in g  from the  replacem ent o f one hydrogen 
atom in  the  sulphonamide group o f sulphanilam ide by a pyrim idine lin g ; th i s  
i s  2-  (£- amino benzene sulphonamido) pyrim idine.
N  ============ C H
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Experimented s tu d ies  by Feinstone (1940) and^his colleagues, and 
by Long (1941), have drawn a tte n tio n  to the high blood concentrations 
reached by sulphadiazine a f te r  a s in g le  o ra l dose. The a c t iv i ty  o f  th e  
drug a g a in s t coecal in fe c tio n s  was shown to be comparable with th a t  
o f  sulphanilam ide and sulphapyridine .
Long (1941) s ta te s  th a t  the absorption and excretion o f sulphadiazine 
in  th e  human sub ject i s  l e s s  rap id  than w ith sulphanilam ide, sulphapyridine, 
o r  su lp h ath iazo le , but high blood concentrations are  easy to  obtain; 
concen tra tions in  the cerebrosp inal f lu id  were found to be approximately 
on e-h a lf to  fo u r - f i f th s  o f those e x is tin g  in  the blood. He concludes,
" I f  th e  i n i t i a l  promise o f  high th e rap eu tic  e ffec tiv en ess  and low c l in ic a l  
to x ic i ty  o f th is  drug i s  borne out by more extensive experience, i t  means 
th a t  su lphadiazine w ill be a most welcome add ition  to the  sulphonamide 
group o f chemotherapeutic a g e n ts .n
Dingle, Thomas and Morton (1941) have tre a te d  su ccessfu lly  with 
su lphadiazine eleven cases o f acute epidemic cerebrospinal fev e r. The 
c l in ic a l  im pression gained was th a t  sulphadiazine had a chemotherapeutic 
a c t iv i ty  ag a in st the meningococcus equal to th a t  o f  sulphapyridine; 
su lphadiazine had the advantage o f being l e s s  to x ic . More d a ta , both 
experim ental and c l in ic a l ,  must be co llec ted  before one can pronounce 
on the  th e rap eu tic  e f fe c ts  o f th i s  l a t e s t  con trib u tio n  to  the  
sulphonamide group o f drugs.
CLINICAL TRIALS.
SULPHANILAMIDE.
Subsequent to  the experim ental work o f B u ttle  and Proom, published 
re p o rts  upon the  th e rap eu tic  e f fe c ts  o f  sulphanilam ide in  th e  treatm ent 
o f cerebrosp inal fever appeared in  America and B rita in . Schwentker, Gelman3 
and Long, (1937) tre a te d  ten  cases w ith only one death. A 0 .8  p er cent
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cent so lu tio n  o f  the  drug was adm inistered by subcutaneous and in tra th e c a l 
in je c t io n . In  a l l  cases the cerebrospinal f lu id  was s te r i l e  within th ree  
days from th e  incep tion  o f treatm ent. The im pression gained seemed to 
in d ic a te  th a t  sulphanilam ide was a t l e a s t  comparable to  sp ec ific  serum 
therapy and prompted W illiens (192$) to employ the drug in  th e  treatm ent 
o f  h is  cases. W illiens recognised, in  the in v e s tig a tio n  o f a d isease 
such as cerebrosp inal fev er, the  n e c e ss ity  o f c o rre la tin g  c l in ic a l  and 
la b o ra to ry  fin d in g s  as a means whereby "the e rro r  o f human judgment and 
enthusiasm i s ,  so to speak, counterbalanced by the r e s u l ts  o f  examination 
in  the  p a tho log ica l la b o ra to ry .w He v e r if ie d  the  find ings o f Schwentker 
and h is  co-workers b u t, basing h is  technique o f adm in istra tion  o f 
sulphanilam ide on the consideration  o f  the absorption and excretion o f 
th e  drug as reported  by M arshall, Eknerson and C utting (1937) > he showed th a t  
o ra l therapy alone was s u ff ic ie n t  to  e f fe c t  cure. Following a la rg e  
subcutaneous in je c tio n , the drug was adm inistered o ra l ly  a t  four-hourly
in te rv a ls ,  and m edication graduated downwards from an upper l im it  o f  one
\
gramme, was continued fo r  a period  o f ten days a f te r  a l l  symptoms and 
lab o ra to ry  find ings had retu rned  to normal; the  drug being b a c te r io s ta t ic  
ra th e r  than b a c te r ic id a l ,  i t s  more prolonged use was j u s t i f i e d  to e lim inate  
the  p o s s ib i l i ty  o f recurrences. ELdahl (192$) under th e  m istaken im pression 
th a t  sulphanilam ide when given by mouth appeared in  small concen trations in  
the  cerebrosp inal f lu id  and then only a f te r  a delay o f some days, advocated 
treatm ent by in tram uscu lar and in tra th e c a l  in je c t io n . I t  should be noted 
in  th is  connection th a t  Cawthome (192$) i n 811 e a r l ie r  a r t i c l e  on the use 
o f  sulphanilam ide in  s trep to co cca l m en in g itis , expressed doubt as to  the
advantage to be gained by giving sulphanilam ide in tra th e c e l ly ,  as the drug 
quickly  found i t s  way in to  the  cerebrosp inal f lu id  when given by mouth o r
/
o r  p a re n te ra lly . Of Elda&l^s tre a te d  cases, most o f whom were in fa n ts , 
n ine  recovered and th ree  died. His re s u l ts  were favourable considering 
th e  age d is tr ib u tio n  of h is  p a t ie n ts ,  but one fe e ls  th a t  the  f a t a l i t y  
r a te  would have been fu r th e r  reduced had ELdahl in s t i tu te d  sulphanilamide 
therapy im m ediately. In  four cases o f whom two died, treatm ent was 
u n n ecessarily  delayed even in  the  presence o f a b ac te r io lo g ic a l diagnosis. 
Crawford and Fleming (1938) from th e i r  previous experience o f serum- 
tre a te d  cases, f e l t  ju s t i f i e d  in  giving la rg e  doses o f sulphanilam ide 
by mouth, but they considered in tra th e c a l  adm in istra tion  to be o f value 
in  those cases where re so lu tio n  o f the acute stage o f the d isease  was 
s lo w .. Few o f th e  ch ild ren  tre a te d  received a r e la t iv e ly  la rg e  i n i t i a l  
dose o f  th e  drug. W aghelstein (193$) w ith a la r g e r  number o f cases a t  
h is  d isp o sa l, d iscussed the th e rap eu tic  r e s u l ts  obtained in  seventy-two 
p a t ie n ts  i l l  w ith meningococcal in fe c tio n s  tre a te d  with sulphanilam ide 
alone, and the e f fe c ts  o f combined antimeningococcal serum and sulphan­
ilam ide therapy in  an ad d itio n a l th i r ty - fo u r  p a t ie n ts .  The to ta l  f a t a l i t y  
r a te  was 18 p er cent, w ith sulphanilam ide alone 15 per cent, and with 
th e  combined method o f treatm ent 24- per cent. Waghelstein d id  n o t imply 
th a t  any s ig n if ic a n t advantage was to  be gained from E ith e r form o f 
therapy, but he was able to s ta te  th a t  since the in tro d u c tio n  o f 
sulphanilam ide th e re  had been a d e f in ite  decrease in  the  number o f deaths, 
in c lud ing  fu lm inating  cases. He con trasted  h is  r e s u l ts  w ith a to ta l  
f a t a l i t y  o f 27 p e r  cent among 368 p a tie n ts  t re a te d  w ith serum in  1935 
and 1936. Out o f  th e  to tw l 106 cases th e re  was one recurrence compared 
w ith s ix  recu rrences in  the  serum -treated cases. I t  was noted  th a t  th e re
was a marked decrease in  the duration  o f s tay  in  h o sp ita l in  the  
sulphanilam ide tre a te d  cases. The drug was given four-hourly  fo llow ing 
a la rg e  i n i t i a l  dose, and m edication was continued fo r  a week. W aghelstein
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Waghel s te in  favoured o r e l ad m in istra tio n . In  the group o f p a tie n ts  
rece iv in g  the  drug subcutaneously th e re  were n ine deaths, compared with 
two deaths in  those given sulphanilam ide by mouth; furtherm ore, the 
concen tra tions o f  th e  drug in  the cerebrospinal f lu id  sub jec t to a ?dde 
v a r ia tio n , tended to be f a i r l y  constan t when o ra l therapy was employed.
W aghelstein believed  th a t  f lu id s  should be r e s t r ic te d  in  order to  m aintain 
a th e rap eu tic  le v e l  o f  su lphan il amide in  the blood and sp inal f lu id ,  but, 
as he observes, "The s ta te  o f  hydration o f the p a t ie n t  i s  im portant in  
determ ining th e  ex ten t to which f lu id s  should be l im i te d ."
I t  w ill be seen th a t  up to th i s  time th e re  was a good deal o f  v a ria tio n  
in  the  method o f  adm in istra tion  o f su lphanil amide. The m ajority  o f w rite rs  
were in  favour o f  o ra l therapy and divided in  opinion concerning the 
in tra th e c a l  and in tram uscu lar in je c tio n  of the  drug. A perusal o f the 
papers quoted rev ea ls  a s im ila r  discrepancy with regard to optimum dosage. 
McIntosh and h is  a sso c ia te s  (1937) reported  a case in  which 3 grammes o f 
sulphanilam ide spread over a period  o f th ree  days re su lte d  in  the permanent 
s te r i l i s a t io n  of the  cerebrospinal f lu id ,  while B ernstein  (1937) gave &s 
much as 38 grammes in  eighteen days to  a ch ild  aged seventeen months. I t  
should be remembered, however, th a t  these  and o th e r  s im ila r  re p o rts  were in  
th e  n a tu re  o f p relim inary  c l in ic a l  t r i a l s ,  perhaps l e s s  extensive than one 
might have hoped; a l l  demonstrated the  e ffe c tiv en ess  o f sulphanilam ide as 
a chemothei-apeutic agent in  the  treatm ent o f cerebrosp inal fev er, b u t none 
could la y  claim to s t a t i s t i c a l  s ig n ifican ce  i n s ta t in g  th a t  sulphanilam ide 
was wuperior to  remedies prev iously  employed.
Im portant co n trib u tio n s  to the  l i t e r a tu r e  v/ere made by Banks (1938-39)*
In  c o n tra s t to  the  m ajo rity  o f p revious re p o rts , Banks had a t  h is  d isposal 
adequate c l in ic a l  m a te ria l. A to ta l  o f  13^ cases was divided in to  th ree  
groups, tre a te d  re sp e c tiv e ly  w ith serum (meningococcus an tito x in ) alone, w ith (
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w ith serum and sulphanilam ide, and with sulphanilam ide alone. The 
favourable age grouping in  the serum -treated cases may have accounted 
fo r  a low f a t a l i t y  r a te  o f  16 per cen t, the  h ighest recorded in  the 
th re e  groups. Banks no ted  th a t  while serum alone was u su a lly  able to 
s t e r i l i s e  the  cerebrosp inal f lu id  w ithin 24 -  48 hours, in  about one- 
f i f t h  o f the  cases meningococci p e rs is te d  fo r  four o r f iv e  days or 
o ccasio n a lly  longer. Sulphanilamide as the so le means o f treatm ent 
was ex h ib ited  in  a s e r ie s  o f  th ir ty -o n e  cases w ithout a death. In  an 
endeavour to  a rr iv e  a t  a standard dosage, Banks (1938) l i k e  W illi ens*. 
app lied  the  p r in c ip le s  l a i d  down in  the  re p o rt o f  M arshall, Bnerson and 
C utting. A to ta l  d a ily  amount o f  one gramme p e r stone o f  body weight was 
divided in to  four-hourly  o r six -hourly  doses. This dosage was found to 
be adequate except in  th e  case o f in fa n ts  and young ch ild ren  who could 
to le r a te  and ac tu a lly  requ ired  two to th re e  tim es the standard. Banks 
(1939) subsequently evolved a more convenient scheme o f dosage according 
to age groups ra th e r  than body weight. A high i n i t i a l  dose during the 
f i r s t  two to th ree  days* treatm ent was followed by a g radually  dim inishing 
dose fo r  a fu r th e r  period  o f f iv e  to s ix  days.
Table I .
Dosage o f Sulphanilamide during f i r s t  tw o-three days (Ranks).
Age P eriod  in  years 
D aily amount in  grammes.
1 s° j - 2 - 5
i h i l i .
-  10
- 74
- 15+
-  9
Banks considered th e  sim plest and most s a tis fa c to ry  method o f admin­
i s t r a t io n  o f sulphanilam ide to be by the mouth, and when th i s  was
im prac ticab le  the drug was given by nasal o r  stomach tube o r  by in t r a ­
muscular in je c t io n  in  th e  form o f a 14 p e r cen t o i ly  suspension; no
advantage was to  be gained from in tra th e c a l  ad m in istra tio n .
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In  s ix ty - f iv e  cases tre a te d  w ith serum and sulphanilam ide, a f a t a l i ty  
r a te  o f 12 .3  p er cen t was recorded. The serum o r meningococcus an tito x in  
o f  which more than two doses were seldom found to be necessary, was given 
in trav en o u sly , and in  in fa n ts ,  in tra p e r i to n e a lly . The in tra th e c a l 
ad m in istra tio n  o f the an tito x in  prev iously  employed in  the f i r s t  group 
o f  cases was abandoned in  the  second group on the  grounds th a t  i t  acted 
as an i r r i t a n t ,  thus delaying re so lu tio n  and prolonging recovery. The 
ex ce llen t r e s u l ts  w ith chemotherapy alone convinced Banks th a t  serotherapy 
was no longer necessary  as a method o f treatm ent in  cerebrospinal fever. 
Furthermore, f a c to rs  such as the  tro u b le  a sso c ia ted  w ith i t s  adm inistration  
combined with th e  p o ss ib le  r isk  and discom fort to the p a t ie n t  did no t 
w arrant the  con tinuation  o f such a remedy when i t  was shown th a t 
sulphanilam ide in  adequate dosage was sa fe r , sim pler and much le s s  expensive.
Banks in  conjunction w ith A llo t (193^) supplied  r e l ia b le  inform ation, 
h ith e rto  lack in g , upon the  concentration  o f sulphanilam ide in  the  
cerebrosp inal f lu id .  The im portance o f ob ta in ing  adequate le v e ls  in  a 
minimum of time was emphasized. Banks s ta te d  th a t  "an i n i t i a l  dose of 
sulphanilam ide s u f f ic ie n t  to m aintain a cerebrosp inal f lu id  concentration  
o f  5 mg. p er cent fo r  th ree  days, and a lower concentration  fo r  a fu rth e r1 
p erio d  o f  f iv e  o r s ix  days, i s  th e  minimum r e l ia b le  s tandard ."  Of t h i r ty -  
s ix  p a t ie n ts  in v e s tig a te d  th is  minimum concentration  was never reached in  
tw elve, o f  whom th re e  died. He warned ag a in s t the  p ra c tic e  o f employing 
sulphanilam ide in  amounts le s s  than those o u tlin ed  in  h is  scheme o f dosage.
Banks1 work d id  much to e s ta b lis h  sulphanilam ide as a sp e c if ic  remedy 
in  the  treatm ent o f cerebrospinal fev er. I t  was shown beyond doubt 
th a t  th i s  drug, i f  given early  enough, o ften  enough, and in  s u f f ic ie n t  
q u a n ti t ie s ,  could b i t e r  the whole course o f th i s  h ith e r to  se rio u s  d isease ,
/
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d isease , dim inish the  sev e rity  o f  th e  acute stage and shorten the 
d u ra tion  o f i l l n e s s .  I t  must be borne in  mind, however, th a t  p r io r  to 
th e  days o f chemotherapy, antimeningococcal serum, though perhaps no t 
ju s t i f y in g  the claim s made fo r  i t  from time to tim e, did reduce the 
death  r a te .  Some c l in ic ia n s ,  supported by the lab o ra to ry  in v es tig a tio n s  
o f  Branham and Rosenthal (1937) a*1** Amies (1940), would favour the use 
o f  serum in  conjunction with chemotherapy. Whitby (1 9 ^ )  was in c lin ed  
to rese rv e  serum fo r  severe forms o f meningococcal m eningitis e sp ec ia lly  
where the  age group i s  unfavourable. A vailable evidence does no t 
support th e  combined method o f treatm ent, and u n t i l  the  re la t iv e  m erits  
o f  antim eningococcal serum and meningococcus a n tito x in  have been 
s a t i s f a c to r i ly  s e t t le d ,  th e i r  evaluation  in  combination with the 
sulphonamide drugs w ill  prove d i f f i c u l t .
SULPHAPYRIDIHE.
The f i r s t  account o f sulphapyridine therapy in  the treatm ent o f 
meningococcal in fe c tio n s  appeared in  193^ when Dirnson reported  the rap id  
recovery o f a case o f chronic meningococcal septicaem ia follow ing the  
adm in istra tion  o f th i s  p rep ara tio n . Somers (1939) > Bryant and 
Fairman (1939), in v e s tig a tin g  the  th e rap eu tic  p o s s ib i l i t i e s  o f  sulpha­
p y rid in e  under p rim itiv e  conditions in  the  Sudan, where the usual case 
m o rta lity  o f cerebrosp inal fev er i s  68-80 per cent, recorded f a t a l i t y  
r a te s  o f 10 p er cent and 5 per cen t, re sp ec tiv e ly . Banks (1939) t re a te d  
th i r t y - s ix  cases w ith one death and furn ished  the  e s s e n tia l  da ta  
regard ing  the  absorp tion  and excretion  o f the  drug. His fin d in g s  were in  
s u b s ta n tia l agreement w ith those o f  Hobson and McQaaide. Banks recommended 
a high dosage o f sulphapyridine s im ila r  to th a t  employed in  sulphanilam ide
therapy, although th e re  was c l in ic a l  evidence th a t  a lower dosage would o ften
be successfu l. He considered su lphapyridine to be the  drug o f choice in  
cerebrosp inal fever.
In  h is  review o f cerebrospinal fev er, Banks (1940) s ta ted , "In a 
mixed series  o f  cases otherw ise in  reasonable physical condition, s k i l l ­
fu lly  tre a te d  w ith sulphanilam ide o r w ith M & B 693> a case m orta lity  
o f 5 Pe r  cent o r even le s s  should no t be u n a tta in ab le . Age groups 
should now count fo r  l i t t l e  in  prognosis except in  so f a r  as they 
a re  asso c ia ted  with concurrent d isease  o r low v i t a l i t y ."  C lin ic ians 
w ith a wide experience o f cerebrospinal fev er would h e s ita te  to put th e  
f a t a l i t y  r a te  o f the  d isease  a t  such a low fig u re . The Lancet (March 
9 th , 1940) in  a spec ia l a r t i c l e  on the treatm ent o f  cerebrospinal fev er, 
m aintained th a t  chemotherapy c o rrec tly  app lied  was capable of reducing 
the death r a te  to Pe r  cent, a more conservative estim ation  o f
the  sulphonamide drugs which has been ju s t i f i e d  by events.
The year 1940 w itnessed in  th is  country the development of the 
epidemic form o f cerebrosp inal fever and p u t to a much more severe 
t e s t  sulphanilam ide and sulphapyridine, now used fo r  the  f i r s t  time 
under epidemic cond itions. The rep o rts  o f H arries (1940), Todescu (1940), 
and Brinton (1940), t e s t i f y  to th e  increased  sev e rity  o f th e  in fe c tio n . 
Banks (1940) recorded a f a t a l i t y  r a te  o f  10 p er cent in  120 t re a te d  cases. 
He po in ted  out th a t  th i s  group included a much h igher p roportion  o f 
acute cases than any o f h is  previous s e r ie s . In  no le s s  than 46 p er 
cent o f  h is  p a t ie n ts  th e re  were noted p e tech iae  and purpuric  rashes, 
and in  many o f  these  th ere  were haemorrhages. The en c ep h a litic  type 
o f case commonly seen in  epidemics and ch a rac te rised  by rap id  onset 
o f coma, pu rpu ric  rash  and a sh o rt course to  a f a ta l  is su e , accounted 
fo r  s ix  o f th e  twelve deaths. F igures supplied  to him by th e  M inistry  
o f  Health fo r  th e  f i r s t  q u a rte r  o f  1940 showed th a t  in  England and Wales 
th e re  were 4,388 c iv i l ia n  cases w ith 1,040 deaths -  a f a t a l i t y  r a te  o f
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o f  23*7 p e r cent. I t  should be noted th a t  the  h ighest f a t a l i t y  ra te s  
were recorded in  in fa n ts  (49*2 per cent) and in  ad u lts  over fo rty - f iv e  
years (50 p e r  cen t).
In  previous re p o rts  too l i t t l e  a tte n tio n  has been paid  to the 
im portance o f age d is tr ib u tio n  in  cerebrosp inal fever. Banks* assumption 
th a t  in fancy  i s  no lo n g er an age o f unfavourable prognosis cannot be 
accepted in  the  absence o f  data  designed to show deaths in  re la tio n  to 
age d is tr ib u tio n  and renders h is  conclusions upon th is  p o in t unconvincing. 
W illiams (1940) in  a c l in ic a l  in v e s tig a tio n  o f cerebrospinal fever in  
102 p a t ie n ts  under s ix teen  years o f age has supplied more d e ta iled  
inform ation  regarding the  prognosis o f  th e  d isease  in  childhood. 
Sulphanilamide was found to be more re a d ily  to le ra b le  by children than 
sulphapyrid ine and w ith a few exceptions was given ro u tin e . The most 
favourable age group was shown to be $-10 y ears. The f a t a l i t y  r a te  under 
th re e  years  o f age was 14.9 p er cent, and under one year (21 cases)
19 p e r cen t. A survey o f the  av a ilab le  l i t e r a tu r e  shows th a t  a lack  
o f s t a t i s t i c a l  evidence in  support o f  c l in ic a l  find ings i s  a fe a tu re  
common to the g rea t m ajority  o f c l in ic a l  re p o rts .
SULPHATHE A2QLE.
There are  few published  rep o rts  on th e  use o f su lphath iazo le  in
cerebrosp inal fever. P u lver (1940) tre a te d  twenty*-six cases w ith two
deaths. The drug was adm inistered in tram uscu larly  and intravenou& ly.
Banks (1941) published  h is  r e s u l ts  o f  n in e ty -s ix  tre a te d  cases, o f which
fif ty - tw o  had received  sulphapyridine p r io r  to admission to h o sp ita l;
in  the  remainder, su lphath iazo le  was the only trea tm en t. The case f a t a l i t y
(2 .1  p e r  cent) must be th e  low est y e t recorded in  the h is to iy  o f th e  
d isea se . The scheme o f  dosage and duration  o f m edication were s im ila r
to  th a t  adopted fo r  sulphanilam ide and sulphapyrid ine in  Banks’ prev ious /
prev ious s e r ie s  o f  cases. When adm in istra tion  by mouth was n o t p o ssib le , the 
drug was adm inistered by stomach tube or by the  in travenous rou te . A ttention 
has already  been drawn to the low su lphath iazo le  concentrations obtained in  
th e  cerebrosp inal f lu id .  Banks showed th a t  when the concentration in  the 
blood was a t  i t s  h ig h est, the  value in  the  cerebrosp inal f lu id  was only about 
15 p e r cent o f  th a t  in  the  blood. D espite th is  apparent anomaly -  some 
c l in ic a l  t r i a l s  w ith sulphanilam ide and sulphapyridine such as the rep o rts  
o f  Crawford and Fleming (192$) Jordan, ELacklocfc and Johnstone (1940), 
have shown th a t  the  amount o f  drug in  the  cerebrosp inal f lu id  does n o t 
seem to bear any r e la tio n  to th e  course o f the  d isea se  -  s t e r i l i t y  o f the  
sp in a l f lu id  was e ffec ted  w ithin twelve to tw enty-four hours and a l l  
p a t ie n ts  made a rap id  recovery. Dr. Banks must be complimented on the 
h igh ly  successfu l r e s u l ts  obtained with su lphath iazo le  in  the  treatm ent o f 
cerebrosp inal fev er. He i s  ca re fu l to p o in t o u t, however, th a t  h is  cases 
occurred in  th e  post-epidem ic perio d  o f  1940, and were n o t so severe as those 
he tre a te d  in  the  e a r l i e r  months o f  the year. Experience has shown a tru e  
c l in ic a l  assessment o f  any one o f th e  sulphanilam ide d e riv a tiv e s  to  be 
incom plete u n t i l  i t  has been te s te d  under epidemic cond itions.
U n til i t  i s  c le a r  how the  sulphanilam ide group o f drugs a c ts ,  a proper 
understanding o f the science o f  chemotherapy cannot be re a lis e d . No 
s a tis fa c to ry  explanation i s  as y e t forthcoming why one compound should be 
more ac tiv e  than another. Research a t  the  p re sen t day as UShitby m ain ta in s,
i s  la rg e ly  a m atte r o f  ted ious em pirical t r i a l  and e r ro r . Concerning th e  
r iv a l  claim s o f the sulphonamide compounds, The Lancet (November 28th, 1920) 
in  a lead in g  a r t i c le  comments, "No experim ental method can be the  f in a l  a r b i t r e r  
between them, even in  such in fe c tio n s  as can be re a d ily  and ty p ic a l ly  
produced in  anim als; the task  to be faced i s  one o f  c l in ic a l  assessm ent 
on an unprecedented s c a le ."
-  24 -
CHAPTER I I .
PLM OF EXPERIMENT.
The cases which form the m ateria l o f  th is  in v e s tig a tio n  occurred 
during th e  recen t prevalence o f cerebrosp inal fever in  Glasgow. They 
were adm itted to R uchill Fever H ospital during the period  May 1940 to 
October 1941. The average r a te  o f  admission ca lcu la ted  over the period  
May 1940 to December 1941, when my d u tie s  as physician  in  charge o f the 
cerebrosp inal fever wards ceased, was fourteen  p e r month. The g re a te s t
t
prevalence was a tta in e d  in  February 1941, when th i r ty - e ig h t  cases 
en tered  the  h o sp ita l. Since th a t  perio d  a gradual dec line  took p lace.
A t o t a l  o f  268 p a t ie n ts  was adm itted during the  period  under review 
and o f th ese  256 have been considered in  th is  study; the  remaining 
tw elve cases did n o t come under my d ire c t  con tro l and have th ere fo re  
been om itted. The accompanying ch a rt shows the monthly incidence and 
f a t a l i t y  r a te  from May 1940 to  December 1941. Total cases amount to  
285 o f  which seventeen were adm itted between the end o f  October and 
December 1941 a f te r  the  in v e s tig a tio n  was closed.
I t  i s  the  p ra c tic e  o f the H ospital to receive  a l l  female cases o f  
cerebrosp inal fever end male p a tie n ts  up to and inc lud ing  th e  age o f f iv e  
years. The cases to  be considered here are  drawn from a l l  a reas  o f  the  
c i ty  o f Glasgow, th e i r  ages varying from a few months to  s ix ty  years.
With regard  to  age and sex d is tr ib u tio n , in  so f a r  as the l a t t e r  can 
be computed i t  can be sa id  th a t  the p a tie n ts  rep resen t a f a i r  sample 
o f the population  o f th e  c ity .
The /
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The to t a l  cases a re  arranged in  th ree  s e r ie s  which w ill be re fe rred  
to  henceforth  as s e r ie s  A, B, and C, re sp ec tiv e ly  (T a b le !  ) .  Series A 
comprises seven ty -s ix  p a t ie n ts  adm itted during  the period  May -  December 
1940. They were tre a te d  a l te rn a te ly  w ith sulphanilam ide (Group I)  and 
su lph a th iazo le  (Group I I ) .  The d iffe ren ce  in  th e  number o f p a tie n ts  
t re a te d  i s  explained by the  f a c t  th a t  p a tie n ts  who had received one o r 
o th e r drug p r io r  to  admission were allowed to  continue unchanged. S eries B 
comprises eigh ty  p a t ie n ts  adm itted during th e  period  January -  March 1941. 
They were tre a te d  a l te rn a te ly  w ith sulphanilam ide, (Group I I I ) ,  and 
sulphanilam ide p lus meningococcus a n tito x in , (Group IV). S eries  C 
c o n s is ts  o f  100 p a t i a i t s  adm itted during the  period  A pril -  October 1941, 
t re a te d  w ith sulphapyrid ine. For purposes o f comparison these cases 
w ill  be re fe r re d  to  as Group V. Included in  t h i s  group are  twelve cases, 
two o f them diagnosed as acute meningococcal septicaem ia, adm itted during 
th e  period  January -  March 1941. They had been given sulphapyridine p r io r  
to  admission and were allowed to  continue unchanged. They were th e re fo re  
n o t included in  S e rie s  B.
Table I .  
Treatment Groups.
S erie s Group Number o f  Cases Treatment
A I 37 Sulphanilamide
I I 39 Sulphathi azol e
B I I I 40 Sulphanilamide
IV 40 Sulphanilam ide | 
p lu s  
A ntitox in .
C V 100
1
j Sulphapyridine
In  a l l  but f i f te e n  o f th e  to ta l  256 cases th e  d iagnosis o f  epidemic 
cerebrosp inal fev e r was confirmed by the  recovery o f  the  causal organism
/
organism from the cerebrospinal f lu id .  In  these f if te e n  cases in  which 
th e  meningococcus was not demonstrable, the c l in ic a l  p ic tu re  on admission 
was so ty p ic a l th a t  a d iagnosis o f  cerebrospinal fever on c lin ic a l  
observation  alone was considered ju s t i f i a b le .  I t  may be added th a t  th irte e n  
o f  th ese  f i f te e n  cases presented  tu rb id  o r opalescen t sp inal f lu id s  
on admission to h o sp ita l.
I t  w ill be seen th a t  according to the mode o f therapy the cases 
under review f a l l  in to  th ree  d i s t in c t  periods, v iz . ,  May -  December 1940, 
(S e rie s  A) 5 January -  March 1941, (S e rie s  B); and A pril -  October 1941, 
(S e rie s  C).
In  S erie s  A an attem pt was made to  compare sulphanilam ide snd 
su lp h ath iazo le  in  the  treatm ent o f  cerebrosp inal fev er. In  a comparative 
an a ly s is  such as th is ,  care was taken to exclude the p o s s ib i l i ty  o f 
se le c tio n  in  the cases tre a te d . The plan was to give sulphanilam ide 
and su lp h a tb iaso le  to a l te rn a te  p a tie n ts  w ithout regard to the sev erity  
o f  the  d isease  o r the age o r sex o f the  p a t ie n t .  A la rg e  ch art (see 
Table I I )  was d isplayed in  a conspicuous p o s itio n  in  th e  duty-room o f 
the  ward. On th i s  chart were drawn two columns headed "Sulphanilamide" 
and "Sulphathiazole" re sp ec tiv e ly . For the  sake o f convenience these  
columns were fu rth e r  d ivided in to  squares to rep resen t age groups.
The d iagnosis confirmed, the name o f each p a tie n t  was in se r te d  in  the  
ap p ro p ria te  column. Whether the p a t ie n t  would rece iv e  sulphanilam ide 
o r  su lphath iazo le  was thus l e f t  e n t ire ly  to chance. As i t  was 
im possible to see p erso n a lly  every case a t  the  time o f  admission, a 
second ch art was d isp layed alongside the  f i r s t ,  on vdiich were p r in te d  
in s tru c t io n s  regarding the  i n i t i a l  treatm ent to  be employed to g e th e r
/
to g e th e r w ith the  dosage o f the  drag and the  method o f i t s  adm in istra tion .
In  th i s  way seven ty -six  cases were co llec ted , th irty -sev en  o f which
received  sulphanilam ide snd th ir ty -n in e  su lphath iazo le .
Table I I .
(S e rie s  A).
Method o f a llo c a tio n  o f  p a t ie n ts  to a l te rn a te  treatm ent groups.
Age-Group
(y rs .)
Drug Group
Sulphanilamide. Sulphathi a zol e.
0 - 2
2 - 5
I H VJ
l
i 1 |
Over 15
Methods s im ila r  in  every d e ta i l  to  those o u tlin ed  above were adopted 
in  S eries  B, in  which eighty  cases were tre a te d , fo r ty  w ith sulphanilam ide 
and fo r ty  w ith sulphanilam ide p lu s  meningococcus a n tito x in .
S e rie s  C. in  which 100 consecutive cases are  tre a te d  w ith sulphapyridine 
throughout has fo r  i t s  o b jec t a s tr a ig h t  c l in ic a l  assessm ent o f th a t  drug. 
C lin ica l Summary.
The various forms in  which th e  d isease  was m anifest have been 
c la s s if ie d  as fu lm inating, severe, m oderately severe, and moderate. Their 
incidence and d is tr ib u tio n  among th e  several drug groups i s  shown in Table 
I I I .  Such a c la s s i f ic a t io n ,  based on a rough c l in ic a l  assessm ent o f
each case on admission to h o sp ita l cannot p re tend  to  be accu ra te , but i t  
w ill convey an im pression o f the degree o f  sev e rity  o f  i l l n e s s  in  th e  /
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th e  cases encountered. I t  w ill be n o ticed  th a t  o f  the  256 p a tie n ts , I 90 
o r  74.21 p e r  cent were severely  i l l  when f i r s t  seen. In two p a tie n ts  
the  condition p resen t was one o f fu lm inating meningococcal septiaaemia 
without m en ing itis.
The o n se t o f  the  in fe c tio n  was u su a lly  heralded by sudden severe 
headache and sickness, w ith o r w ithout vomiting. A common fea tu re  of 
th e  headache was i t s  in te n s i ty ,  which on occasions masked o th er signs 
and symptoms and became almost in to le ra b le  to the  p a t ie n t .  I t  was not 
confined to the  o c c ip ita l  area  as commonly described, but was more 
gen era lised . In  a few cases a p rev iously  healthy p a tie n t was suddenly 
struck  down with a f i t  and lapsed  in to  unconsciousness. Where the 
onset was in s id io u s  th e re  was p resen t a fe e lin g  o f m alaise accompanied 
by in d e f in i te  signs o f  meningeal i r r i t a t i o n .
F if ty -n in e  p a t ie n ts  (23*05 per cent) were adm itted to  h o sp ita l in  a 
comatose condition , and o n e-th ird  o f these  su ffered  from a severe degree 
o f co llap se .
Delirium was p resen t in  eighty-one p a t ie n ts  (31.60 p e r cen t), varying 
in  degree from the  low m uttering foTm to  th e  maniacal type o f case.
One p a t ie n t ,  an ad u lt, was tra n sfe rre d  from the  mental observation  wards 
o f  a c i ty  h o sp ita l where she had been adm itted as a case o f  acute mania. 
Convulsions were confined almost exc lusive ly  to  in fa n ts .
The commonest lo c a l is in g  signs were marked nuchal r ig id i ty ,  p o s itiv e  
Keraig* s and Brudzinski*s signs. Head r e tra c t io n  was p re se n t in  e igh ty - 
four p a t ie n ts  (32.81 p e r cen t); opisthotonus was noted in  only n ineteen
p a t ie n ts  (7*42 p e r cen t).
The tem perature recorded on admission was v a ria b le  snd no c r i te r io n  
o f  severity# In seven ty -th ree  p a t ie n ts  (28.51 p e r cent) i t  was
n o t above 99°F., w hile in  only tw enty-eigh t (10.94 p e r cent) was a temperatuae 
above 102°F. noted.
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G eneralised purpuric or p e tech ia l rashes were present in  s ix ty - f iv e
p a tie n ts  ( 25.39 per c e n t .) .  In n ine in stan ces where the d isease was
!
fu lm inating in  character, the rash was extensive, confluent and 
haemorrhagic.
The r e f le x e s  were o f  l i t t l e  s ig n ifica n ce , e ith er  in  diagnosis or  
prognosis. Photophobia was o f  rare occurrence, being noted in  only  
th ir teen  p a tien ts  (5*0$ per cen t). Herpes f e b r i l i s  was noted in  
s ix ty -n in e  cases (25*95 Per cen t). I t  commonly commenced on the 
l i p s  or nose but in  about one h a lf o f  the cases the le s io n  spread to 
in v o lv e  the cheeks and forehead. In one case the face  was almost 
com pletely covered w ith the eruption, wrh i le  in  another, herpes made i t s  
appearance on the r ig h t hip and u lt im a te ly  involved  the buttock on that 
s id e . In fo r ty  out o f  the s ix ty -n in e  cases the herpes was present on 
adm ission, a fa c t  which would seem to d ispose o f  the view that th is  
le s io n  i s  a com plication o f  chemotherapy.
In n ine o f  the fulm inating cases the d isea se  was complicated by 
the occurrence o f  haemorrhage in to  the suprarenals. This condition w il l  
be d iscussed  in  a la t e r  chapter.
Table I I I .
C lin ica l C la ss if ic a t io n .
Group Elim inating Severe Moderately Severe Moderate
I 1 25 7 4
II 3 24 6 6
I I I 1 29 8
2
IV 3 3 5 1
V 10 63 7 20
Total 18 172 33 33
37
39
40
40
100
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Bacteraemia.
In  n ine  p a t ie n ts  su ffe rin g  from cerebrospinal fever the meningococcus 
was is o la te d  from the  blood (Table IV). The proportion  o f cases in  
which blood cu ltu re  was p o s itiv e  ( approximately 7 p er cent) i s  r e la t iv e ly  
sm all. Blood c u ltu re , however, was not performed in  every case. Of 
th e  to ta l  256 cases, approximately 48 per cent were under f iv e  years of 
age. In  many o f th ese  cases where mechanical d i f f i c u l t i e s  prevented 
th e  withdrawal o f blood by simple venupuncture i t  was no t considered 
ju s t i f i a b l e  to employ o th e r methods in  order to ob tain  a specimen.
I f  the  meningococcus tra v e ls  from i t s  p o r ta l  o f en try , the  naso­
pharynx v ia  th e  blood stream to the meninges, as i s  commonly m aintained, 
blood cu ltu re s  performed during the p re-m ening itic  stage o f the d isease  
should y ie ld  p o s it iv e  r e s u l ts .  I t  i s  seldom, however, th a t p a tie n ts  
come under observation  a t  such an ea rly  stage o f the  in fe c tio n . By the 
time cerebrosp inal fev er i s  diagnosed and the p a t ie n t  admitted to 
h o s p ita l, the  meningococci have already become lo c a lis e d  in  the sub­
arachnoid space. In two p a t ie n ts  adm itted to  h o sp ita l cn the  f i r s t  day 
o f i l l n e s s  th e  d isease  was diagnosed c l in ic a l ly  as meningococcal 
septicaem ia w ithout m en ing itis . Both p a tie n ts  died . Repeated blood 
c u ltu re s  proved n egative . The d iagnosis was based on the follow ing
c l in ic a l  fe a tu re s :
Table I V. 
Incidence o f Bacteraemia.
Case 'Age
(Years)
1 Day o f  i l l n e s s  
on
Admission.
Rash
r„  ... „
Blood cu ltu re R esult.
1 . B.B. 12 2 P etech ia l P o s it iv e Died
2. P.T. 6 3 Purpuric P o s it iv e Died
3. D.McD. 3 2 Purpuric P o s it iv e Died
4. C.H. 2 P etech ia l P o s it iv e Died 1
5. E.F. 2 P etech ia l P o s it iv e Recovered, j
6. E.W. 54 7 N il P o s it iv e Recovered
7. C.G. 56 1 P etech ia l P o s it iv e Died
8 . J.N. 56 2 Purpuric P o s it iv e Died
9- C.N. 57 5 N il P o s it iv e Died
1 ) ,  the  fulm inating  type o f the in fe c tio n , 2) ,  both p a tie n ts  were 
adm itted to h o sp ita l a t  the heigh t o f the epidemic, 3)> both showed 
a confluent haemorrhagic rash  and 4), in  both, p ost mortem examination 
revealed  the presence o f b i la te r a l  suprarenal haemorrhage.
From the accompanying ta b le  i t  w ill be observed th a t  in  s ix  out o f 
the n ine  cases where p o s itiv e  blood cu ltu re s  were ob tained , the p a tie n ts  
were adm itted to h o sp ita l on the f i r s t  o r second day o f i l ln e s s .  With 
th e  exception o f two cases a p o s itiv e  blood cu ltu re  was associa ted  with 
a widespread purpuric  o r p e te ch ia l rash . I t  i s  o f  prognostic  in te r e s t  
th a t  a l l  but two o f th ese  cases term inated f a ta l ly .
Management o f  the  Case.
The cerebrosp inal fev er ward comprises four compartments, each o f
which accommodates cases in  the various stages o f th e  in fe c tio n . P a tie n ts
*
in  th e  i n i t i a l  s tage of th e  in fe c tio n  a re  adm itted in to  the  "acute" ward 
where they remain fo r  a period  o f th re e  days o r longer according to  the  
p rogress o f the d isease . They are then tra n s fe rre d  in to  the second 
compartment, and f in a l ly  to  the  convalescent ward some days p r io r  to  
d ism issa l. In fa n ts  and young ch ild ren  are  as f a r  as p o ss ib le  adm itted 
in to  th e  fo u rth  compartment o f the ward. In  th is  way, one i s  ab le  to 
segregate  th e  no isy , obstreperous and sometimes maniacal type o f  case 
and to  c rea te  the  necessary  conditions o f  r e s t  and q u ie t fo r  those who 
are  recupera ting .
On admission to the  ward the  tem perature, pu lse  and re sp ira tio n  r a te  
o f  each p a t ie n t  i s  recorded. She i s  then bed-bathed and prepared  fo r  
lumbar puncture. The p a tie n t  i s  placed in  the  l e f t  l a t e r a l  p o s itio n  with 
th e  knees drawn up, head bent forward and trunk w ell f lexed . In  the  case 
o f ch ild ren  th e  operation  i s  performed w ith g re a te r  f a c i l i t y  i f  th e  ch ild
ch ild  i s  p laced on the  ward ta b le . The fou rth  lumbar in te rsp ace  i s  
u su a lly  se lec ted , and the area cleansed with s p i r i t  and iod ine . When a 
lo c a l  an aes th e tic  was considered necessary a small wheal was ra ised  by 
i n f i l t r a t i o n  with 2 p er cent novocain midway between the two spinous 
p rocesses. Under s t r i c t  a sep tic  conditions a lumbar puncture needle, 
p rev io u sly  s te r i l i s e d ,  was in se rte d  in  the m id-line perpendicular to the 
su rface . When the needle was f e l t  to  p en e tra te  the  dura the s t i l e t t e  
was withdrawn and the escaping f lu id  co llec ted  in  a s t e r i l e  t e s t  tube.
I t  was customary to c o lle c t  two samples to e lim inate  the  p o s s ib i l i ty  of 
any blood c e l ls  being p resen t in  the  f i r s t .  The ch arac te r and p ressu re  
o f the  f lu id  were noted. The t e s t  tube was la b e lle d  wi-th the  p a t ie n t ’ s 
name, da te  and hour o f c o lle c tio n , snd dispatched immediately to the  
lab o ra to ry . I t  was convenient a t  th i s  time to take  a specimen o f blood 
fo r  blood c u ltu re . The blood was withdrawn from the  medium b a s i l ic  vein 
in to  a s t e r i l e  syringe and 10 c .c . in o cu la ted  on H artley ’ s b ro th . Blood 
c u ltu re  in  in fa n ts  was no t performed i f  attem pts to ob tain  a specimen by 
th i s  method were unsuccessfu l.
Treatment was commenced immediately a f te r  lumbar puncture had been 
performed. The sulphonamide drugs employed were adm inistered by mouth 
in  the form o f 0. 5 gramme ta b le ts  and th e i r  so lub le  p rep ara tio n s  were 
used in  in travenous, in tram uscular, snd in tra th e c a l  therapy. When o ra l 
ad m in istra tio n  was followed by vom iting, o r i f  ac id o s is  was suspected,
sodium bicarbonate was found to have a b e n e fic ia l e f fe c t .  In  most cases, 
and always in  ch ild ren , the ta b le ts  were crushed and given in  m ilk.
A ll p a tie n ts  p r io r  to the in s t i tu t io n  o f treatm ent wrere given a soap
and water enema which was repeated every second morning during the  acute
s tage  o f the i l ln e s s .  T hereafter co n stip a tio n  was co rrec ted  by m ild 
a p e r ie n ts  such as milk o f  magnesia, l iq u id  p a ra f f in , o r  syrup o f  f ig s .  No 
s a lin e  p u rgatives were adm inistered during the perio d  o f trea tm en t.
In  the  general nu rsing  o f the p a tie n t due precautions were taken in  
o rd e r to prevent such com plications as bed sores, s to m a titis , and 
th e  in fe c tio n  o f  h e rp e tic  le s io n s .
P a tie n ts  adm itted to the ward in  a collapsed o r comatose condition 
were tre a te d  p rim arily  fo r shock. The end o f the bed was ra ised , coramine 
o r  o th e r su ita b le  stim ulan t was adm inistered four-hourly , and add itiona l 
hea t was provided by the  use o f hot water b o tt le s  and the e le c tr ic  cage. 
Convulsions in  in fa n ts  responded favourably to repeated  lumbar puncture. 
Well padded beds o r co ts  were used when neeessaiy  to  prevent the p a tie n t 
from in ju r in g  h im self. A nurse was in  constant attendance upon 
d e lir io u s  and maniacal p a tie n ts .  
ff^uld in tak e .
An adequate f lu id  in tak e  i s  o f the g re a te s t importance in  cases 
o f m ening itis  tre a te d  with the sulphonamide, drugs. When the p a tie n t  
could swallow f lu id s  were forced, and from four to f iv e  p in ts  in  
tw enty-four hours during the f i r s t  four days were considered to be 
th e  minimum requirem ent fo r  a d u lts . P ro p o rtio n a te ly  le s s  amounts were 
given to  ch ild ren . In  those cases where the p a tie n t was unable to 
swallo?f, o r severe sickness and vomiting p e rs is te d , in travenous 
glucose sa lin e s  we re  given a t  six -hourly  in te rv a ls .  I t  i s  no 
exaggeration to say th a t  the vigorous employment o f in tra p e r i to n e a l 
sa lin e s  to  coun teract the severe dehydration met w ith in  in fa n ts  was 
a l i f e - s a v in g  measure. In  p a t ie n ts  su ffe rin g  from cerebrosp inal 
fev er, constan t vomiting and in a b i l i ty  to swallow, combined w ith high 
fev er, cause severe dehydra.tion and may le a d  to ac id o s is . This i s
e sp ec ia lly  tru e  in  the case o f in fa n ts  and ch ild ren . I t  i s  th e re fo re  
e s se n tia l  to re s to re  as quickly as p o ssib le  the  f lu id  and a lk a l i  balance.
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Diet*
D iet in  the  i n i t i a l  s tages o f the d isease  was lim ite d  to f lu id s  
adm inistered in  the  form o f m ilk, j e l l i e s ,  junket, etc* Glucose was 
exh ib ited  f re e ly  in  the  form o f barley  water, lemonade and "lueosade".
As th e  p a t ie n t  progressed, l i g h t  d ie t  was su b s titu ted  and gradually  
augmented u n t i l  convalescence was reached* E n te r i t is  was prone to 
occur in  babies and was often  seen on admission o f  the  p a tie n t to 
h o sp ita l. In  these  cases normal sa lin e s  were given by mouth four-hourly , 
to be followed, i f  the  condition improved, by equal p a r ts  of bo iled  milk 
and w ater u n t i l  the  s to o ls  retu rned  to normal.
O ther Drug Ifaerapy.
Other drugs employed concurrently  with the sulphonamide 
p rep ara tio n s  consis ted  o f syrup o f ch lo ra l and a sp ir in , the former used 
in  la rg e  doses to  con tro l the severe headache and delirium  o f the  acute 
case. I t  was seldom necessary to adm inister morphine, although i t s  
employment could n o t be said  to be followed by any i l l  e f fe c ts .
Exam ination o f  th e  Cerebrospin a l  F lu id .
Lumbar puncture was performed on admission and repeated th e re a f te r  
a t  48-hourly in te rv a ls .  In  some o f the e a r l i e r  cases in  S erie s  A th e  
period  o f time between the f i r s t  and second lumbar puncture exceeded 
fo r ty -e ig h t hours. An average o f 5-10 c*c* cerebrosp inal f lu id  
were removed on each occasion, except where th e re  were marked signs o f 
increased  in tra^ -c ran ia l p ressu re  when g rea te r  amounts were withdrawn, 
a procedure which was found to co n trib u te  g rea tly  to  the comfort o f  th e  
p a t ie n t .  In  no case was i t  found necessary to employ a general
a n aes th e tic  in  th e  performance o f lumbar puncture. The p rov ision  o f  a 
competent a s s is ta n t  w ith p rec ise  knowledge as to the  proper p o s itio n  in
/
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in  which to hold the p a tien t allow s the operation to be performed 
without d i f f ic u l t y .  In one case increased tu rb id ity  o f  the f lu id  
n e c ess ita te d  asp iration  o f  the subarachnoid space, but in  no instan ce  
was i t  necessary to employ the c is ter n a l route. With regard to the use  
o f  a lo c a l  an aesth etic  in  the performance o f  lumbar puncture, personal 
experience has shown that th is  procedure can be dispensed with in  the 
la rg e  m ajority o f  p a tien ts .
Each specimen o f  cerebrospinal f lu id  withdrawn was immediately 
cen trifu g ed , and film s made from the  sediment were s ta ined  by Gram*s 
method. C ultures were also made on tubes o f bo iled  blood agar, and a f te r  
incubation  a t  37°C. fo r  24-48 hours, film s were made from the re su ltin g  
growth and s ta in ed  by Gram1 s method. A p o s itiv e  b ac te rio lo g ic a l diagnosis 
was recorded on fin d in g  Gram negative  diplococci m orphologically resembling 
meningococci e i th e r  in  the  d ire c t  film  from the cerebrospinal f lu id  
o r  by is o la tio n  on c u ltu re . In  a l l  cases included  under Groups I I I ,  IV> ©id 
V, c u ltu re  in  g lucose-broth  was employed as a ro u tin e  measure, e i th e r  
as ad d itio n a l confirm ation o f b a c te r io lo g ic a l find ings o r as a means 
whereby th e  causal organism might be is o la te d  in  those cases where 
o th e r methods had f a i le d . A few cubic centim etres o f one per cent 
gLucose-broth were added to the cen trifuged  deposit and incubated a t
370C. fo r  tw enty-four hours, when film s were made and examined. I f  no 
growth re su lte d , sub-inocu lations made on bo iled  blood agar from the
g lucose-bro th  were incubated and examined 24-48 hours l a t e r .  The above 
methods were ca rried  out in  a l l  specimens u n t i l  the sp in a l f lu id  became
c le a r  and s te r i l e .
Examination o f  Protein  in  the Cerebrospinal F lu id .
In  Groups I  and I I  a l l  specimens o f  cerebrosp inal f lu id  were examined 
fo r  the  presence o f p ro te in  by Pandy* s t e s t .  The f lu id  was cen trifuged  
and the  supernatant f lu id  decanted. To 1 c. c. o f  a s a tu ra te d  aqueous /
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aqueous so lu tio n  o f ca rb o lic  acid  c ry s ta ls  was added the supernatant 
f lu id  drop by drop u n t i l  four o r f iv e  drops had been added. The 
presence o f an immediate tu rb id ity  in d ica ted  excess o f p ro te in . The 
t e s t  i s  e f f ic ie n t  in  the  ea rly  stages o f the d isease  but the same 
re lia n c e  cannot be placed upon i t  a t  a l a t e r  date* when one wishes 
to assess  the  cerebrospinal f lu id  with regard to the presence o f 
p ro te in , norm ally p resen t in  the  f lu id  to the ex ten t o f 10 to  35 
mgms. p e r  100 c. c. This d i f f ic u l ty  i s  appreciated  more esp ec ia lly  
when one has to decide when a p a t ie n t  i s  f i t  to  be discharged from 
h o sp ita l. In  th is  resp ect i t  was thought th a t  the  q u a n tita tiv e  
estim ation  o f p ro te in  in  the  cerebrospinal f lu id  would no t only be a 
more r e l ia b le  guide b i t  might have some p rognostic  s ig n ifican ce , i f  
employed as a ro u tin e  measure in  the in v e s tig a tio n  o f a l l  specimens 
o f sp inal f lu id  o f p a tie n ts  i l l  with cerebrosp inal fever. I t  was 
decided to proceed accordingly in  a l l  subsequent cases o f the disease* 
The method adopted, the C olorim etric B iu ret Method, fo r  the  estim ation  
o f  to ta l  p ro te in s  i s  simple to perform and su ita b le  fo r  ro u tin e  
c l in ic a l  in v e s tig a tio n s , and can be performed rap id ly  and with a 
minimum o f apparatus. Other methods which can lay  claim to g re a te r  
accuracy involve more time in  th e i r  performance and as regards the  
end r e s u l t  fo r  the  purpose o f  the  p resen t in v e s tig a tio n  possess no 
obvious advantage.
The p r in c ip le  o f the B iu re t method i s  as follow s: th e  p ro te in s
a re  p re c ip ita te d  try t r ic h lo r a c e t ic  acid  and the  p r e c ip i ta te  d isso lved
in  cau s tic  soda so lu tio n . Copper sulphate i s  sdded and th e  r e s u l t in g
pu rp le  so lu tio n  i s  cen trifuged  to throw down the  suspended copper
hydroxide, a f te r  which i t  i s  matched ag a in s t g la ss  standards and the
r e s u l t  no ted . These standards are  supplied  by Messrs. The Tintom eter j
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Tintom eter L td ., end are permanent coloured g lasses . They are prepared 
by matching in  the Lovibond comparator a s e r ie s  o f so lu tions o f known 
p ro te in  content. The follow ing i s  the technique fo r the estim ation of 
to t a l  p ro te in s  in  th e  cerebrospinal f lu id  (H arrison, 1939) *-
All tu rb id  o r opalescent f lu id s  are cen trifuged  to remove c e l ls  
and the  supernatan t f lu id  used fo r  the determ ination.
Mix in  a graduated  c e n tr ifu g e  tu b e :-
C erebrosp inal f lu id  2 c .c .
10 p e r cent t r ic h lo ra c e t ic  acid  2 c .c .
Allow to stand fo r  a few minutes u n t i l  the  p re c ip i ta te  clumps, 
cen trifu g e  thoroughly, and decant th e  supernatant f lu id  as completely 
as p o ssib le  by in v e r tin g  the tube ca re fu lly  and wiping the mouth with 
f i l t e r  paper.
Add to the p r e c ip i ta te  1 o r  2 c .c . o f d i s t i l l e d  water and 0 .5  c .c . o f 
30 p er cent NaOH; shake t i l l  the p ro te in  has d isso lved .
Add 0*5 c .c . o f 5 p er cent c ry s ta l l in e  copper sulphate so lu tio n , and 
water to exactly  4 c. c. Mix thoroughly fo r  two minutes and cen trifu g e  
down completely the p re c ip i ta te  o f cuprous hydroxide.
The supernatant f lu id  i s  now tra n s fe rre d  to a comparator tube which 
i s  p laced  in  the righ t-hand  recess o f the  comparator. The f lu id  i s  
matched ag a in s t the f i r s t  d isc  containing the g lass  standards (20 to l 80 
mgm. in  s tep s  o f 20 mgm. p er 100 c .c .)  and the answer read d ire c t ly .  I f  
th e  unknown exceeds 180 mgm. the second d isc  (200 to  366 mgm.) i s  
su b s titu te d . Should the  unknown be above 3& mgm. the t e s t  i s  repeated 
from th e  beginning, u sing  le s s  cerebrosp inal f lu id  and m u ltip ly in g  by
the  ap p ro p ria te  fa c to r .
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All specimens o f cerebrospinal f lu id  were examined according to 
th e  above method with the exception o f those which were blood-stained 
and in  those cases y/here massive in fe c tio n  with meningococci made i t  
im possib le to obtain  a c le a r  supernatant f lu id  on spinning.
D ism issal Lumbar Puncture.
A d ism issal lumbar puncture was performed on the tw e n ty -firs t day 
a f te r  admission. A c e l lu la r  count was estim ated immediately a f te r  
withdrawal of the f lu id .  For th i s  purpose a white c e ll  p ip e tte  was 
employed along with the  Fuchs-Rosenthal counting chamber. A watery 
so lu tio n  o f methylene blue containing 5 p er cent a c e tic  acid  was drawn 
up to the  mark 1 in  the p ip e t te  and th e re a f te r  the f lu id  was drawn up 
to  the  mark 11. Since the  ru led  chamber corresponds to 3*2 c.mm. the 
number o f  c e l ls  divided by 3 (approx.) i s  equal to the number o f ce lls  
p e r cubic m illim etre .
A ll sp ina l f lu id s  which revealed a c e ll  count o f l e s s  than 10 
lymphocytes per c.mm. and showed a negative  reac tio n  to the Pandy t e s t ,  
o r where the p ro te in  content was not more than 30 mgm. p e r 100 c .c . ,  were 
considered to be normal. I t  i s  n o t uncommon fo r  p a t ie n ts  to show a 
s l ig h tly  ra ised  c e ll  count in  the cerebrosp inal f lu id  many weeks a f te r  
the  m en ing itis  has c leared  up. No p a t ie n t  was allowed up whose 
cerebrosp inal f lu id  d id  not s a tis fy  these  conditions. Dism issal 
lumbar puncture was repeated  where necessary  a t  in te rv a ls  o f f iv e  
to  seven days.
C lin ica l Examinations.
Each p a t ie n t  underwent a c l in ic a l  examination a t  l e a s t  once p e r
day u n t i l  a l l  signs and symptoms o f the  d isease  had disappeared. 
Temperature, pu lse  and re sp ira tio n  r a te s  were recorded a t  four-hourly
/
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fo u r-h o u rly  in te r v a l s  du ring  th e  f i r s t  week o r lo n g e r, according  to  
th e  d u ra tio n  o f  th e  acu te  s tag e  o f  th e  in fe c t io n ;  th e r e a f te r  morning 
and evening o b se rv a tio n s  were taken . On th e  tem perature c h a rt were 
a lso  reco rded  th e  d a ily  amount o f sulphonamide drug adm in istered , 
and th e  tim e and d a te  o f  lum bar pu n c tu re . S pec ial a t te n t io n  was p a id  
to  th e  s ig n s  and symptoms o f  d isea se  p re se n t on adm ission and th e i r  
d u ra tio n . The manner in  which in v e s t ig a t io n s  were c a r r ie d  o u t in  th e  
c e reb ro sp in a l f lu id  has a lread y  been d e sc rib ed . C om plications o f  th e  
d is e a se  and o f  th e rap y  were n o ted , as was a lso  th e  occurrence  o f  
rec rudescence  and re la p s e . A ll c l in ic a l  and b a c te r io lo g ic a l  d a ta  
in c lu d in g  d e ta i l s  o f  tre a tm e n t, s p e c if ic  and g en era l, were recorded  
on a s p e c ia l  c h a r t in c lu d e d  in  th e  case reco rd  o f  each p a t ie n t .
The specimen c h a r t appended a t  th e  end o f  t h i s  ch ap te r w il l  i l l u s t r a t e  
th e  p lan  whereby re le v a n t  d a ta  were reco rded  from each p a t ie n t  du ring  
th e  course  o f  th e  i l l n e s s .
When com plications such as a ta x ia ,  p a r a ly s is ,  e tc , had n o t 
e n t i r e ly  c lea red  up a t  th e  tim e o f  d isch a rg e  from h o s p ita l  o r  where 
re s o lu tio n  o f  th e  m e n in g itis  had been slow , th e  p a t ie n ts  were in s t r u c te d  
to  re tu rn  w ith in  fo u r weeks fo r  f u r th e r  exam ination. As a f u r th e r  
p re c au tio n a ry  measure d e ta i l s  o f  th e  case were communicated by l e t t e r
to  th e  p a t i e n t ’ s fam ily  d o c to r. Those cases which re tu rn e d  to  h o s p i ta l  
were th u s  k e p t under o b serv a tio n  fo r  vary ing  p e rio d s  u n t i l  such tim e
as  they  were considered  f re e  from th e  sequelae  o f  th e  d is e a s e . Where 
n e c e ssa ry , p a t ie n ts  a f t e r  t h e i r  d isch a rg e  from h o s p i ta l  were r e f e r r e d  
to  th e  o u t-p a t ie n t  c l i n i c  o f  th e  Eye In f irm a ry  o r  th e  E ar, Nose and 
T hroat H o sp ita l.
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Dosage and Admin i s t r a tio n  o f  
S e r ie s  A.
;s -  I n i t i a l  Treatment.
Group I  -  Sulphanilamide.
In the absence o f determ inations o f drug concentrations in  the 
body f lu id s  a scheme o f dosage (Table V) was evolved modelled la rg e ly  
on th a t  recommended by Banks (1933)• Sulphanilamide was adm inistered 
o ra l ly  according to age groups in  the follow ing dosage:-
TattLe V.
I n i t i a l  Dosage o f Sulphanilamide (Group I ) .
-r----
Age period  in  Years
I n i t i a l  dose in  grammes 4-hourlyK).5
Daily amount in  grammes
0-
0.75
4.5
5 -1 5 Over 15
R 1.0 1 .5
L‘.J 9
In  add ition  each case received an i n i t i a l  in tram uscular in je c tio n  
o f 30 c .c . o f a '0.8 p e r  cent so lu tion  o f sulphanilam ide. The so lu tion  
was prepared in  the  fo llow ing manner: 0 .8  g. sulphanilam ide was added
to  a f la sk  containing 100 c .c . d i s t i l l e d  water. The sulphanilam ide 
was d isso lved  in  the steam s t e r i l i s e r  and the  so lu tion  s te r i l iz e d  by 
one exposure a t  120°C. fo r  one hour. In  o rder to f a c i l i t a t e  d is tr ib u tio n , 
th e  sulphanilam ide so lu tion  was b o ttle d  in  s t e r i l e  con ta iners to 
hold 30 c .c .
Group 11 -  Sulphath iazole.
When i t  was decided to in v e s tig a te  the  th e rap eu tic  p o s s ib i l i t i e s  
o f su lphath iazo le  as compared w ith sulphanilam ide in  the  trea tm en t o f 
cerebrosp inal fev er, experimented evidence was in  favour o f th e  former
drug but c l in ic a l  t r i a l s  were lack ing . The optimum dosage o f 
su lphath iazo le  had y e t to be determined. In  those cases which were to 
rece ive  the drug i t  was thought b e s t th a t  treatm ent be commenced along /
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along l i n e s  s im ila r  to  those  employed in  the  sulphanilam ide scheme o f 
dosage, (v id e  su p ra). In  ad d itio n  to  o ra l  therapy , an i n i t i a l  
in je c t io n  o f  1 .0  gramme was given in tram u scu la r ly , and in  severe 
cases in tra v e n o u s ly  in  th e  form o f  the  sodium s a l t  (20 c. c. = 1 .0  
gramme).
Subsequently  th e  dose o f  th e  drug which had shown i t s e l f  to 
be w ell to le r a te d  was in c re a se d . The re v ise d  scheme o f  dosage i s  
shown in  Table VI and a p p e rta in s  to  a l l  p a t ie n ts  adm itted  during 
th e  p e r io d  November 1940 to  December 1940.
Table VI
I n i t i a l  Dosage o f  S u lp h a th iazo le  (Group I I )
Age period in  Years 0 - 1 - 5 -15 Over 15
I n i t ia l  Dose in  grammes 4-hourly 1.0 1 .5 1 .75 2.0
D aily  amount in  grammes 6 9 10.5 12
Each case rece iv ed  an i n i t i a l  in tram u scu la r in je c t io n  o f  20 c. c. 
o f  th e  sodium s a l t .
S e r ie s  B.
Groups I I I  and IV.
In  t h i s  s e r ie s  o f  cases su lp h an il amide was adm in istered  i n t r a -  
th e c a l ly  in  a d d itio n  to o ra l  and in tram u scu la r therapy . According to  
th e  amount o f  sp in a l f lu id  withdrawn a t  lumbar p unc tu re , 5 1° 3^ c. c. 
o f  th e  0 .8  p e r  c en t so lu tio n  were in je c te d  slow ly in to  th e  subarachnoid 
space. The amount in tro d u ced  was always l e s s  than  th e  amount o f f lu id  
withdrawn. Care was ta^en to  see th a t  th e  so lu tio n  was warmed to  body 
tem peratu re  and was f re e  o f  su lp h an il amide c r y s ta ls  befo re  in je c t io n .  
One in t r a th e c a l  and one in tram u sc u la r  in je c t io n  on ly  was given on 
adm ission, th e r e a f te r  m edication was continued  by mouth a lone.
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A vailable evidence does no t s.ppear to in d ic a te  th a t any advantage 
i s  to be gained from the in tra th e c a l use o f so lu tions of sulphanil amide. 
Reference has already been made to Cawthome* s statem ent th a t the 
in tra th e c a l  adm in istra tion  of sulphanil amide i s  unnecessary since the 
drug quickly  fin d s  i t s  way in to  the cerebrospinal f lu id  when given 
by mouth o r p a re n te ra lly . Schwentker (1937) and h is  asso c ia tes , and 
Eldahl ( I 938) 9 reported  favourably on th is  mode of adm inistration  and 
Crawford and Fleming (193$) found i t  most u se fu l in  those cases where 
the  f lu id  f a i le d  to become s te r i l e  and where the meningeal symptoms 
did  not c le a r  up rap id ly . There i s  no doubt th a t  o ra l therapy alone 
i s  s a tis fa c to ry  and possesses the obvious advantage of s im p lic ity , 
but i t  must also  be contended th a t  an i n i t i a l  in tra th e c a l in je c tio n  o f 
su lphan il amide produces in  the  sp inal f lu id  an immediate concentration 
o f the  drug s u f f ic ie n t  to ex e rt a th erap eu tic  e f fe c t u n t i l  such time 
as a re q u is i te  le v e l in  the  cerebrospinal f lu id  i s  obtained by 
o ra l dosage.
No untoward e f fe c ts  e i th e r  lo c a l o r systemic followed the in t r a ­
th eca l in je c tio n  of su lphanil amide. There was no evidence o f increased  
meningeal i r r i t a t i o n  follow ing i t s  use. This mode o f adm in istration  
was found to  be le a s t  s a tis fa c to ry  in  in fa n ts ,  where in  some cases 
in a b i l i ty  to ob tain  s u ff ic ie n t amounts o f f lu id  n e c e ss ita te d  the  
in tro d u c tio n  o f only very small doses o f the  drug. Such d i f f i c u l t i e s  
were met w ith in  these cases which had been lumbar punctured some 
hours previous to admission to  h o sp ita l.
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The scheme o f  dosage o f  su lp h an il amide adopted fo r  Groups I I I  and 
IV i s  shown in  Table VII. By th i s  time (January  1941) th e  case inc idence  
had r is e n  sharp ly  and an apparen t in c re a se  in  se v e rity  o f the  in fe c tio n  
was n o tic e d . I t  v d ll  be seen th a t ,  compared w ith Group I  s e r ie s  o f 
cases, w ith  th e  exception o f  th e  age group 0-1 y ea rs , the  i n i t i a l  
dosage has been in c re a se d  fo r  a l l  age groups, a step  thought to be 
j u s t i f i a b l e  in  view o f  th e  f a c t  th a t  th e  in fe c t io n  appeared to be 
assuming epidem ic p ro p o rtio n s .
'Each case rece iv ed  an i n i t i a l  in tram u sc u la r  (30 c . c . ) and in t r a ­
th e c a l in je c t io n  c .c . )  o f  a 0 .8  p e r cen t so lu tio n  o f
su lp h an il amide.
Meningococcus A n titoxin .
Meningococcus a n ti to x in  was ex h ib ited  in  Group IV s e r ie s  o f  cases 
in  con junction  w ith  su lp h an il amide. Meningococcus a n ti to x in  was 
developed by Parke Davis and Company fo llow ing  th e  d iscovery  by Ferry 
o f  meningococcus to x in . F erry  and h is  a s s o c ia te s  (1933-) f i r s t  rep o rte d  
th a t  b a c te r ia - f r e e  f i l t r a t e s  o f  the  fo u r Gordon types o f  th e  
meningococcus con tain  s p e c if ic  so lub le  o r  e x t r a - c e l lu la r  to x in s  and th a t  
anim als immunised w ith  th ese  to x in s  develop t ru e  a n t i to x in s  which a re  
homologous to  th e  fo u r types and in  a l e s s e r  measure common to a l l  ty p e s .
Subsequent animal experim ents by F erry  e t  e l . , (1932- 34) ,  showed th a t  
meningococcus a n ti to x in  had a c u ra tiv e  e f f e c t  a g a in s t th e  l i v e  v iru le n t
m eningococcus, as w ell as a n e u tr a l is in g  a c tio n  on i t s  s p e c if ic  /
Table V II.
I n i t i a l  Dosage o f  Su lphan il amide (Groups I I I  and IV)
Age p e rio d  in  Years 0 -  j 1 -
I n i t i a l  Dose in  grammes 4 -hourly  0*5 j" 1-0
0 -  j 
D aily  amount in  grammes | 3 j 6
-  44 -
s p e c if ic  so lu b le  to x in . Such re p o r ts  seemed to  j u s t i f y  the  u se  o f 
meningococcus a n ti to x in  in  c l in ic a l  p ra c t ic e .  Hoyne (1935) rep o rted  
fav o u rab ly  upon i t s  employment in  e ig h ty -f iv e  t re a te d  cases. The f a t a l i t y  
r a t e  in c lu d in g  fu lm in a tin g  cases dying w ith in  fo r ty -e ig h t  hours o f 
adm ission was 23.5  p e r  cen t compared vdth a f a t a l i t y  r a te  o f 45.9 p e r 
c en t in  a comparable s e r ie s  o f cases t r e a te d  w ith  an tim enin go coccus 
serum. The experim ental a n ti to x in  used by Hoyne was o f  th e  same l o t s  
re p o rte d  on by F e rry  and was p rep ared  by in je c t in g  horses subcutaneously 
w ith  in c re a s in g  doses o f  th e  in d iv id u a l so lu b le  to x in s  o f  th e  fou r 
ty p es  o f  m eningococci. The a n ti to x in  p ro p e rty  o f  th e  serum was 
determ ined by i t s  a b i l i t y  to  n e u t r a l i s e  to x in  and by i t s  a b i l i ty  to 
p r o te c t  la b o ra to ry  anim als from l e th a l  doses o f to x in  and c u ltu re . The 
a n t i to x in  was adm in istered  by th e  in trav en o u s, in tram u scu la r and 
in t r a th e c a l  ro u te s  bu t la rg e  in trav en o u s  dosage w ithout in t r a th e c a l  
tre a tm e n t was recommended as th e  most s a t is fa c to ry  method o f  therapy . 
Hoyne s ta te d  th a t  meningococcus a n ti to x in  had reduced by approxim ately 
50 p e r  cen t th e  d ea th s  from ce reb ro sp in a l fev e r a t  Cook County H o sp ita l.
R eference has a lread y  been made (C hapter I ,  p . 20) to  the  re p o r ts  
o f  Branham and R osenthal on th e  com bination o f su lp h an il amide and serum 
in  th e  trea tm en t o f  experim en tally  produced m eningococcal in fe c t io n s .  
Banks (1938) ob ta in ed  s a t i s f a c to ry  r e s u l t s  w ith  meningococcus a n t i to x in ,  
re c o rd in g  a f a t a l i t y  r a te  o f  12 .3  p e r  cen t in  s ix ty - f iv e  p a t ie n ts  i l l  
w ith  c e reb ro sp in a l fe v e r. He adm in istered  th e  a n ti to x in  in trav e n o u s ly  
in  a d u l ts ,  and in  in f a n ts  by the  in t r s p e r i to n e a l  ro u te . I t  i s  o f 
i n t e r e s t  to  n o te  th a t  Burtenshaw (1938) in v e s t ig a te d  th e  ce reb ro sp in a l
f l u i d  o f  th e se  cases re c e iv in g  meningococcus a n ti to x in  by ro u te s  o th e r  
than  th e  in t r a th e c a l  ro u te  and showed th a t  w hile th e  p resence  o f  /
o f  h o rse -p ro te in  could be dem onstrated fo r  many days in  th e  f lu id ,  i t  
o ccu rred  in  so small amounts and so v a r ia b le  as to  render s l ig h t  
any p o s s ib le  lo c a l  th e ra p e u tic  e f f e c t .  O ther a v a ila b le  re p o rts  on 
combined serum and drug trea tm en t have n o t so f a r  been s u f f ic ie n tly  
e x ten s iv e  o r  c o n tro lle d  to  be o f any s ig n if ic a n c e . D e fin ite  
co n c lu sio n s  cannot be drawn u n t i l  la rg e  s e r ie s  o f p a t ie n ts  have been 
t r e a te d  a l te r n a te ly  by th e  two methods. Whitby (1938) re p o r ts  th a t  
c l i n i c a l  evidence i s  in  favour o f  combining in tr a p e r i to n e a l  end 
in tra .venous serum th e rap y  w ith  su lp h an il amide in  severe cases; i t  i s  
u nnecessary  in  th e  m ild  type o f case in  the  favou rab le  age-group, 5 ”
20 y e a rs , where th e  drug alone i s  s u f f ic ie n t . ,  H a rrie s  (1940) in  an 
account o f  200 cases t r e a te d  w ith  su lphapyrid ine  employed 
meningococcus a n ti to x in  w ith favourab le  r e s u l t s  in  fu lm inating  forms 
o f  th e  d ise a se .
According to  F erry  th e  symptoms o f  th e  d ise a se  caused by th e  
meningococcus a re  an index  o f  a profound toxaem ia and he claim ed th a t  
b e n e f ic ia l  r e s u l t s  might be o b ta in ed  by n e u tr a l is in g  th e  to x in  vdth  
a n t i to x in .  On th i s  hypo thesis  an i n i t i a l  dose o f  p o ly v a len t meningo­
coccus a n ti to x in , in  conjunction  w ith sulphanilam ide was ad m in istered  
to  a s e r ie s  o f  cases (Group IV ), and compared w ith  a s im ila r  s e r ie s  
(Group I I I ) ,  t r e a te d  contem poraneously w ith su lphanilam ide a lone.
The a n t i to x in  in  a h a lf  to one p in t  o f p h y s io lo g ic a l so lu tio n  o f  
sodium ch lo rid e  was in tro d u ced  in trav e n o u s ly  in  a d u lts  and in  
i n f a n ts  by th e  in tr a p e r i to n e a l  ro u te . Adult dosage co n sis ted  o f 
20,000 u n i t s  and in  in f a n ts  h a lf  th a t  amount was g iven . This dosage
was re p ea ted  in  tw en ty -four hours i f  th e  co n d itio n  o f  th e  p a t ie n t  
seemed to  re q u ire  i t .  P r io r  to  th e  i n i t i a l  in je c t io n ,  a sk in  t e s t  fo r
f o r  s e n s i t iv i ty  was perform ed in  a manner s im ila r  to  the  Schick 
and Dick t e s t s  fo r  s u s c e p t ib i l i ty  to d ip h th e ria  and s c a r le t  fev er 
r e s p e c tiv e ly , 0 .1  c. c. o l a 1 in  lo  d i lu t io n  o f th e  a n tito x in  
was in je c te d  in to  th e  skin o f  th e  v o la r  su rface  o f the  forearm. A  
r a p id ly  en la rg in g  e lev a tio n  o f  th e  skin a t  th e  s i t e  o f in je c t io n  
becoming u r t i c a r i a l  in  appearance w ith in  f iv e  to twenty m inutes, and 
surrounded by a zone o f erythema, was in d ic a t iv e  o f  h y p e rse n s itiv ity .
In  one case where a p o s i t iv e  re a c tio n  was o b ta in ed , a n tito x in  was 
w ith h e ld . While no case developed anaphylaxis fo llow ing  th e  in je c t io n  
o f  a n t i to x in ,  o rd in a ry  serum sick n ess  occurred  in  a number o f p a t ie n ts  
and p re sen ted  d i f f i c u l t i e s  which w ill  be d iscussed  l a t e r  under 
com plications o f  therapy .
S e r ie s  C.
Group V. Sulp hapy r i  d in  e.
The o ra l  dosage o f  su lp h ap y rid in e  employed in  Group V cases i s  
shown in  Table V III. In  severe  cases 3 c .c .  o f  th e  sodium s a l t  
(e q u iv a le n t to 1 .0  gramme su lphapyrid ine) were given in trav en o u sly  
in  10-20 c .c .  o f s t e r i l e  s a l in e . I t  tw ill  be seen th a t  th e  i n i t i a l  
dosage i s  high compared w ith p rev io u s  chem otherapeutic agen ts employed.
Experience w ith  su lp h an il amide had shown th a t ,  provided  an adequate 
f lu id  in ta k e  i s  m ain tained  during  m ed icatio n , th e  danger from th e  more 
se rio u s  drug com plications i s  sm all. I t  was n o t a n tic ip a te d  th e re fo re  /
Table V III.
I n i t i a l  Dosage o f Sulphapyrid ine (Group V)
Age p e rio d  in  Years o ’-  T ’-  j~ 5 -  1 §T Over 15 (
i I n i t i a l  Dose in  Grammes 4-houi
D aily  amount in  grammes
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th e re fo re  th a t  any untoward e f fe c ts  would be encountered in  p a t ie n ts  
t r e a te d  w ith  r e la t iv e ly  la rg e r  i n i t i a l  amounts o f su lphapyrid ine i f  
s im ila r  p re c au tio n s  were observed. Wo in tram u scu lar in je c t io n s  o f the  
drug were given in  view o f  the  danger o f damage to the  s o f t  t is s u e s .
Thrower (1940) has p o in ted  o u t th a t  th e  sodium s a l t  o f su lphapyrid ine 
has an a lk a l in i ty  eq u iv a len t to N/LO hydro c h lo ric  ac id , and has 
dem onstrated  n e c ro s is  o f  muscle fo llow ing  in tram u scu la r therapy.
W ith reg a rd  to  in t r a th e c a l  trea tm en t w ith  su lphapyrid ine , th i s  i s  a 
mode o f  a d m in is tra tio n  which cannot be too s tro n g ly  condemned. Hunter 
(1940) in s ta n c e s  two cases where su lphapyrid ine  was in tro d u ced  in to  
th e  subarachnoid  space. Case 1 developed a dropped fo o t which had n o t 
com pletely  c lea red  up a f t e r  an in te rv a l  o f  two months; in  Case 2, a 
subsequent lumbar punctu re  f a i le d  to  withdraw f lu id  and weakness o f 
th e  le g s  p e r s is te d .  Weil (1940) m entions th e  case o f  a g i r l  who was 
given in t r a s p in 8l  in je c t io n  o f the  sodium s a l t  and developed p a ra p le g ia . 
Subsequent Treatm ent -  A ll Groups.
The i n i t i a l  dose o f  th e  drug by mouth was m ain ta ined  a t  4- hourly  
in t e r v a l s  fo r  a  p e rio d  o f  24-48 hours, when dosage was reviewed in  th e  
l i g h t  o f  c l in i c a l  and b a c te r io lo g ic a l f in d in g s . As a g enera l ru le  
when th e  drug was w ell to le ra te d  no red u c tio n  in  dosage was p e rm itte d  
u n t i l  th e  c e reb ro sp in a l f lu id  had become s t e r i l e .  The p resence  o r  
absence o f  organism s in  the  sp in a l f lu id  was one o f  th e  main c r i t e r i a  
by which one decided when the  high i n i t i a l  amounts o f  th e  drug employed 
should be g raduated  downwards to  a reduced m aintenance dose. M edication 
was continued  on a 4-hourly  b a s is  fo r  a minimum p e rio d  o f  seven days,
b u t was reduced to  tw ice o r  th re e  tim es d a ily  over th e  l a s t  few days o f  /
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o f  treatm en t. In  Table IX the to ta l  cases, excluding deaths, have 
been tab u la ted  in  each group to show the duration of therapy*
Table IX,
Duration o f Therapy in  Recovered Cases*
[D uration  o f Therapy 
(Days)j. . . .
Group
nr -.  i_
I I I I I I  ] IV ' V Tt
r  5 “ 7 23
20 5 ! 1 17
I 8 - 1 0 3 7 16 22 48
! 1 1 - 1 4 5 2 13 12 16
Over 14 4 4 1
Total 35 33 34 35 82L . _ _ _ _ _
66 | 
96 !
48
9
When convalescence was d e f in ite ly  es tab lish ed  and when the
tem perature had been normal fo r a t le a s t  th ree  to four days,
chemotherapy was discontinued. This scheme eras s t r i c t l y  adhered to
throughout the  in v e s tig a tio n  except in  cases where the occurrence
o f c e rta in  to x ic  m an ifesta tions n ec e ss ita te d  cessation  o f treatment*
A lkali was adm inistered in  the presence o f vomiting, and when
th i s  occurred immediately following the drug, the sulphonamide employed
was repeated  when the p a tie n t had s e tt le d  down. When d i f f ic u l ty  in
swallowing was experienced, such as in  comatose p a tie n ts , the  ta b le ts
were pu lv erised  and given in  a so lu tion  o f 5 to  10 c .c . o f water or
milk by n asa l tube.
D aily blood examinations were no t performed in  the early  stages o f
the  d isease  except where th ere  was a spec ia l in d ica tio n  fo r  doing so,
bu t in  a l l  cases where the period o f m edication exceeded ten  days,
ro u tin e  blood examinations includ ing  d i f f e r e n t ia l  white c e l l  counts
were performed. No case o f agranulocytosis was encountered. Micro­
scopic examination o f  the u rin e  was ca rried  out in  the presence o f 
album inuria o r haematuria.
Chart showing Method o f Recording 
Relevant Data.
Name: M.E. Age 18 y rs . Series B. Grouo I I I .
Number: 29. Occupation: Clerkess.
Day o f I l ln e s s  on which admitted: Third.
Early Symptoms: Pain in  back — s ti f fn e s s  of neck -  insomnia.
Concurrent Disease: N il.
Duration o f Stay in  H ospital: 23 days.
On
Adm. Day o f I l ln e s s
3 4 5 6 7
Temperature...................................... 100 101 99 98 98
P u lse .............................................. 104 100 90 86 90
R esp ira tio n ....................... .............. 24 28 22 22 24
Headache......... ................ .. + __ -  1
Insom nia........................... ................ + _ _ _ 1
D elirium ........................................... + . r
Coma......................................... .. _
C onvulsions..................................... — — — — _
E(yperaesthesia................................ - — — — —
I r r i t a b i l i t y .................................... + - — — —
Photophobia.................................. - - - - -
S trabism us........................................ + + + _ _
Tendon je rk s .................................... 4^ + 1 + + + +  i
P la n ta rs ............................................ i  ■Ir 4,4, 4r 1 |
Nuchal r ig id i ty ............................. + + + + _  (1
Head r e tra c t io n ............................. - - - - -
B ru d zin sk i.................... .................. + + + - -
K em ig................................................ + + + + -
Opistho tones.................................... - - - - -
Cyanosis............................................ - - - - -
Herpes............... ................................. - - - - -
Rash.................................................... - - - -
R eten tion .......................................... - - - - -
Incon tinence.................................... - , - - - -
Dehydration...................................... - — - - -
Degree o f  I l ln e s s ..................... .. Mod.Sev. Mod. Mod. Mild Mild
Condition on D ism issal............... S lig h t f a c ia l  paralys:LS.
Condition on Reporting............... Condition s a tis fa c to ry .
Drug: Sulphanilami de.
On admission 1 .5  gramme 4-hourly fo r  3 days.
T hereafter 1 grannie 4-hourly.
Total Dose 57»0 gramme.
Chart (con td .) .
F lu ids: By Mouth.
Intravenous N il.
In tra fon  tan e l le it
In tra p e r ito n e a l 1
R ectal sa lin es it |
C .S .F .: On Admission. 48 hr s. 96 hr s. 21s t  day.
How obtained L/P L/P L/P L/?
P ressu re + 4- 4- -+ 4- N
T urb id ity Turbid Turbid Clear Crystal c lea r
Amount 30 c .c . 20 c. c. 10 c. c. 5 c. c.
Organisms Meningococci Meningococci N il N il
% E x tra c e llu la r Numerous Scanty N il Cell count
% I n t r a c e l lu la r Numerous Scanty N il 20/3 p.cjnm.
C ulture on 
Blood Agar
P o s itiv e P o sitiv e Negative C ells:Lymphocytes
Pandy Po s i t iv e P o sitiv e Po s i t iv e Negative
P ro te in
(Mgm.per 100 cc. 220 220 100 20
Blood C u ltu re :-  Negative.
Compli cation  s. Day o f i l l n e s s
R esp ira to ry N il
P a ra ly s is L e ft fa c ia l  p a ra ly s is On admission
P to s is  r ig h t  e y e l id ,b i la te r a l .  
Strabismus^ Diplopia.
On admission
Ear P a r t ia l  Deafness On admission.
A rth ii 't i  s N il.
Recrudescence N il
Relapse N il
C hronicity N il
Other N il
Chart (contd).
Complications o f Therapy. Day of Treatment.
Drug Cyanosis Mil. -
n Rash n -
11 Fever ft -
Sickness and Vomiting n -
O ther it -
Serum Sickness No Serum given -
Temperature Chart o f a Recovered Case 
o f Cerebrospinal Fever.
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CHAPTER I I I .
RECORD OF RESULTS.
The o b jec t of th i s  chapter i s  to analyse and compare the several 
t re a te d  groups and to draw conclusions from the r e s u l ts  as to the 
e ffe c tiv en ess  o f the  methods o f treatm ent employed. The methods o f 
trea tm en t a re  sulphanilam ide, su lp h ath iazo le , su lphan il amide p lus 
meningococcus a n tito x in  (Ferry) and sulphapyridine re sp ec tiv e ly .
The groups whose arrangement has already  been described  fu lly ,  are  
shorn in  Table I .
Table I .
Treatment Groups I  -  V.
S erie s Group No. o f Cases. Mode of Therapy.
A I 37 Sulp han il ami de
I I 39 S ulphath iazole
B I I I 40 Sulp h an il ami de
IV 40
Sulp han il ami de 
p lus 
M enin go co c cu s 
a n tito x in .
C V 100 Sulp hapy r i  din e.
No attem pt has been made in  th is  study to compare serotherapy with 
chemotherapy in  cerebrosp inal fev er. Such an in v e s tig a tio n  would have 
n e c e s s ita te d  the employment of serum as the so le  means o f therapy in  a 
la rg e  number o f p a t ie n ts ,  a procedure which must be considered 
u n ju s t i f ia b le  in  view o f the  ex ce llen t r e s u l ts  already  obtained  in  the 
f ie ld  o f chemotherapy. A v as t amount of c l in ic a l  evidence has been 
c o lle c te d  to dem onstrate the  su p e rio r ity  o f the  sulphonamide drags over 
form er methods o f trea tm en t, much o f i t  adm ittedly  lack in g  s t a t i s t i c a l  
a n a ly s is . But such evidence i s  s u f f ic ie n t ly  convincing to render /
render u n ju s t i f ia b le  the w ithholding ox sulphonamides from any 
p a t ie n t  Known to be su ffe rin g  from cerebrospinal fev er. Furthermore, 
the  p resen t severe epidemic has presen ted  the  f i r s t  re a l challenge 
to the e fficacy  o f chemotherapeutic agents form erly employed in  the 
sporadic and m ilder forms of the  d isease . I t  was f e l t  th a t  the 
moment was opportune to t e s t  under epidemic conditions the r e la t iv e  
m erits  o f sulphanilam ide and i t s  d e r iv a tiv e s . The d i f f ic u l ty  of 
comparing one sulphonamide with another as regards i t s  e ffec tiv en ess  
in  cerebrosp inal fev e r i s  recognised. I t  i s  w ell known th a t  the 
d isease  v a rie s  g re a tly  from p a t ie n t  to p a t ie n t  and from time to time 
in  a community. R esu lts  are  more l ik e ly  to be conclusive where a 
la rg e  s e r ie s  o f p a t ie n ts  are tre a te d  w ith each drug during th e  course 
o f one epidemic over a l im ite d  perio d  o f tim e. In  th is  l a t t e r  re sp ec t 
th e  p resen t study i s  fo rtu n a te ly  planned.
Before any comparison could be made between th e  treatm ent groups 
i t  was im portant to ensure as f a r  as p o ssib le  th a t  each group a c tu a lly  
was equal in  every e s se n tia l  re sp e c t save th a t  of treatm ent. In 
S e rie s  A and B (Table I )  where the re sp ec tiv e  samples o f p a tie n ts  
were tre a te d  contemporaneously, i t  has a lready been explained how the  
method o f a llo c a tio n  o f a l te rn a te  cases to th e  d if f e re n t  treatm ent 
groups was app lied . By th is  means i t  was hoped to avoid b ias o r 
" se le c tio n "  and thus render each group equal in  a l l  in f lu e n t ia l  
re sp e c ts . S erie s  C was no t tre a te d  contemporaneously vdth S erie s  A 
o r B but s ince a l l  th ree  s e r ie s  o f p a tie n ts  were derived from the  one 
epidemic i t  was hoped th a t  any in f lu e n t ia l  fa c to rs  req u irin g
co n sid e ra tio n  would be equally d is tr ib u te d  among them.
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I t  must be s ta te d  a t  the  o u tse t th a t  the  256 cases are no t fu lly  
re p re se n ta tiv e  o f epidemic- cerebrosp inal fev er as i t  occurred in  
Glasgow during the  period  under review. No account i s  taken o f 
adolescent and ad u lt male p a t ie n ts  su ffe rin g  from the d isease . As 
has been p rev iously  s ta te d , cerebrosp inal fever p a tie n ts  adm itted to 
R uchill H ospital include ad u lt females and ch ild ren  o f both sexes 
up to and in c lu d in g  the  age o f f iv e  y ears. I t  w ill be seen th e re fo re  
th a t  th i s  sample cannot be considered as e n tire ly  fre e  from se le c tio n , 
nor can the r e s u l t s  obtained from i t s  an a ly s is  be applied  to the  
u n iv erse  as a whole.
Reference has already been made to th e  absence o f s t a t i s t i c a l
a n a ly s is  in  p rev iously  published  rep o rts  on serotherapy and chemotherapy
in  cerebrosp inal fev er. I t  has been considered h ith e rto  s u f f ic ie n t
to r e c o r d  a low death r a te  as the  c r i te r io n  o f success. I t  i s  agreed
th a t  in  a d isease  such as cerebrosp inal fev er w ith high f a t a l i t y  ra te s ,
th e  e fficacy  o f one method o f treatm ent over another must p rim arily
be judged according to the  number o f l iv e s  saved. No in v e s tig a tio n ,
however, which involves comparison between trea tm en t groups can be
complete w ithout the  considera tion  o f o th e r v a ria b le  fa c to rs  such as
age, day o f i l l n e s s ,  e tc . ,  which may be assumed to p lay an im portant
ro le  in  the outcome o f an a ttack  of cerebrosp inal fev er. These
v a r ia b le s  a re  many and i t  i s  ev ident th a t  they must be considered
before a d e f in i te  opinion can be expressed vdth regard to p rognosis,
N evertheless a study o f p resen t-day  l i t e r a t u r e  has shown th a t  no
attem pt has y e t b e e n  made to assess  th e i r  p rognostic  s ig n if ic an ce  by
s t a t i s t i c a l  methods. Former epidemics have provided m ate ria l fo r  the  
c l in ic a l  evaluation  o f c e r ta in  p rognostic  fa c to rs  in  cerebrosp inal /
cerebrosp inal fev er end th is  knowledge has been applied  by- 
c lin ic ia n s  in v e s tig a tin g  the p resen t outbreak; but i t  i s  wrong 
to assume th a t  the  experiences of former epidemics are n e ce ssa rily  
those of the p re sen t. I t  i s  well known how widely the d isease  
v a rie s  in  i t s  epidemiology. Chemotherapy alone has a lte re d  the 
whole course o f the in fe c tio n  and a s t a t i s t i c a l  study o f c l in ic a l  
da ta  obtained  under modem methods o f treatm ent can be the only tru e  
and r e l ia b le  guide to the prognosis o f cerebrosp inal fever in  i t s  
p re se n t epidemic form.
For the  purposes o f the  p re sen t in v e s tig a tio n  a s t a t i s t i c a l  
study o f some o f th e  v a riab le  fa c to rs  opera ting  has been made in  
o rd er to determ ine th e i r  p rognostic  s ig n ifican ce . By th is  means 
i t  w ill  be p o ss ib le  to show, (1) ,  how the several treatm ent groups 
might d i f f e r  in  re sp e c t o f p rognostic  fa c to rs , and consequently ( 2) , 
to  say whether th e  p a tie n ts  in  each group had i n i t i a l l y  the same 
chance o f recovery. The above procedure must n a tu ra lly  be a 
p re lim inary  to the ch ief o b jec t o f the in v e s tig a tio n , v is .  a 
comparison between the  several treatm ent groups.
A. A Study o f  the  Fat a l i t y  Rates in  2^6 cases o f Cerebro sp in a l 
Fever t r e a t ed by. Chemotherapy, in  respect  of  c e r ta in Fac to rs  
o f po s s ib le  Progno s t ic  Sig n i f icance.
i . S e le c tion o f Probab le P rognostic  F ac to rs :
There are  many v a il  able fa c to rs  ap a rt from f a t a l i t y  which have
been shown by previous w rite rs  to a f fe c t  the outcome o f an a ttack  
o f cerebrosp inal fev er. Those to which a tte n tio n  has been paid
in  the p a s t are day of i l l n e s s  on admission to h o sp ita l, age and
sex o f p a t ie n ts  su ffe rin g  from the d isease . In add ition  to those 
th re e  fa c to rs  I  have se lec ted  from the  av a ilab le  c l in ic a l  and /
and b a c te r io lo g ic a l data  o th e rs  l ik e ly  to be o f equal help in  
assessin g  prognosis of the in fe c tio n  as i t  occurred in  the p resen t 
s e r ie s  o f cases. I t  was no t considered necessary  to u t i l i s e  a l l  
the  data  co llec ted  but only those observations whose frequency 
among p a t ie n ts  who recovered and p a t ie n ts  who died, seemed to 
in d ic a te  th a t  they had some prognostic  s ig n ifican ce . The commonest 
lo c a l is in g  signs o f the  d isease , namely, K em ig 's  sign, nuchal 
r ig id i ty ,  and B ru d zin sk i's  sign, ( th e  f i r s t  two p resen t in  over 90 
p e r cent o f  the 256 cases), are  valuab le  a id s  to d iagnosis but of 
l i t t l e  im portance as guides to prognosis. At the opposite  extreme 
c l in ic a l  s igns which occurred very in fre q u e n tly , such as photophobia, 
p re sen t in  only 5 pei* cent o f the cases, do n o t ju s t i f y  fu r th e r  
in v e s tig a tio n .
Before proceeding to  d iscuss th e  question  o f the 
assessm ent o f fa c to rs  of p rognostic  s ig n ifican ce  a short 
n o te  may be w ritten  on two observations; (a) P ro te in  content 
o f th e  cerebrosp inal f lu id  and (b) Bacteraemia.
(a) E rP lh lh—KPPtent. o f  th e C ereb rosp ina l f lu id .  A ra p id  
and p ro g re s s iv e  f a l l  in  th e  p ro te in  co n ten t o f  th e  ce reb ro sp in a l 
f lu i d  i s  in d ic a t iv e  o f  quick re s o lu t io n  o f  th e  in f e c t io n .
When the  p ro te in  content remains high th e re  i s  a danger 
o f  permanent sequelae. The f ig u re s  ob tained  of p ro te in  
estim ations have no t been included in  the s t a t i s t i c a l  
assessm ent o f  prognostic  s ig n ifican ce  since they are  
incom plete. I t  was no t p o ss ib le  to c o l le c t  a s u f i ic ie n t
number o f p a t ie n ts  in  whom the p ro te in  con ten t of the sp ina l 
f lu id  was estim ated in  each case a.t 48-hourly in te rv a ls  
from the f i r s t  day o f treatm ent u n t i l  convalescence was /
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was e s tab lish ed . This was due in  a la rg e  measure 
to the fa c t  th a t  once the  cerebrosp inal f lu id  was 
pronounced c le a r  and s t e r i l e  no fu r th e r  samples were 
withdrawn. Furthermore f lu id s  which contained a tra ce  
o f blood o r were in s u f f ic ie n t  in  qu an tity  were discarded. 
In Table I I  a re  recorded the to ta l  p ro te in  estim ations 
performed a t  the  time o f lumbar puncture in  recovered 
cases only. These f ig u re s  are p resen ted  in  o rder to 
i l l u s t r a t e  the f a l l  in  p ro te in  content o f the  cerebro­
sp in a l f lu id  co inciden t with the recovery o f the 
p a t ie n t .  I t  w ill be noted th a t o f 122 p a tie n ts  
lumbar punctured on admission to  h o sp ita l, six ty-seven  
o r 54*92 p er cent produced a cerebrosp inal f lu id  which 
re g is te re d  a p ro te in  content o f 300 o r more milligrammes 
p er 100 c .c . By th e  th ird  and f i f t h  day o f treatm ent 
only tw enty-three ou t o f 125 samples o f cerebrosp inal 
f lu id  (18.40 p e r cent) and th ree  out o f 116 samples o f 
cerebrosp inal f lu id  ( 2.59 P®r  cent) re sp e c tiv e ly , showed 
read ings above 300 milligrammes p er 100 c .c .
Day o f |
Table I I ,
P ro te in  Content o f the Cerebrospinal F lu id .
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(b) Bacteraemia. There were r e la t iv e ly  few in stan ces  
among the  256 cases where c u ltiv a tio n  from the blood le d  
to a p o s it iv e  r e s u l t .  The reasons fo r  th is  are twofold 
(l)T he tra n s ie n t  n a tu re  o f the meningococcaemia.
O bservations have been recorded where a p o s itiv e  cu ltu re  
was followed in  the space o f a few hours by a negative 
r e s u l t .  (2) P a tie n ts  are  seldom seen in  h o sp ita l 
during th e  p re-m en ing itic  stage of the d isease . Indeed, 
cereb rosp ina l fev er i s  r a re ly  diagnosed u n t i l  the  onset 
o f  m en ing itic  symptoms, by which time the meningococci 
have l e f t  the  blood stream end lo c a lis e d  in  the sub­
arachnoid space. Consequently in  the m ajo rity  o f cases 
blood c u ltu re  could no t be expected to  y ie ld  p o s itiv e  
re s u l ts .
I t  has already been explained th a t  blood cu ltu re  
was no t performed in  a l l  o f  the  25& cases under review.
Where mechanical d i f f i c u l t i e s  prevented a sample o f the  
p a t i e n t 's  blood being withdrawn by venupuncture, no 
attem pt was made to procure a specimen by o th e r  methods.
This app lied  more e sp ec ia lly  to in fa n ts  up to the age 
o f  f iv e  y ea rs  who comprise more than 50 p e r cent of 
th e  to ta l  cases. I t  i s  noteworthy, however, th a t  in  the  
n in e  cases where a p o s itiv e  r e s u l t  was obtained (approxim ately 
seven p er cent) only tv/o recovered. Although the  f ig u re s
a re  obviously too few to draw conclusions, i t  would 
appear th a t  the presence o f an acute meningococcaemia
i s  o f  grave prognosis.
The follow ing fa c to rs  were se lec ted  as worthy o f in v e s tig a tio n  
from the p o in t o f view o f p ro g n o sis :-
Number o f days i l l  p r io r  to admission to h o sp ita l.
Age.
Sex.
Presence o f Herpes F e b r i l is .
I n i t i a l  Tem perature,Pulse Rate, and R esp ira tion  Rate.
Presence on admission o f  Coma
" 11 ** *» Delirium
11 11 M 11 Convulsions
« *» *» w Headache
" « « n R ash
11 11 n n Head R etraction
n 11 11 J* O pisthotonus
w ** ** ** Strabismus
C haracter o f Cerebrospinal F lu id  on Admission.
Presence o f  Meningococci in  Cerebrospinal FLuid on Admission.
The c l in ic a l  and b a c te r io lo g ic a l observations are , w ith the  
exception o f herpes f e b r i l i s ,  those recorded on the p a tie n t* s  
admission to  h o sp ita l. They are  th e re fo re  i n i t i a l  find ings 
uninfluenced  by trea tm en t. The f ig u res  fo r  herpes f e b r i l i s  w ill 
in c lu d e  th e  occurrence o f th i s  sign on admission to h o sp ita l and during 
th e  course o f th e  i l ln e s s .
Our f i r s t  task  i s  to determ ine the p rognostic  s ig n if ic a n c e  o f 
th e  above v a r ia b le s  in  the p resen t study and th e re a f te r  to  f in d  i f  
any d iffe re n c e  in  these  re sp ec ts  occurs in  the  f iv e  trea tm en t groups.
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i i .  ^^g sn ^ n t_ g £ _ P ro g n o stic  Factors  in  Respec t of C lin ica l S everity .
A b r ie f  c l in ic a l  summary of the  types o f in fe c tio n  met w ith in  
the  in v e s tig a tio n  has already been made. The cases were c la s s if ie d  
according to se v e rity , as fu lm inating , severe, moderately severe, and 
m oderate. Coma, delirium , convulsions, and generalised  rashes were 
most p rev a len t in  the fu lm inating  and severe forms o f the d isease , 
i/here th e  a ttack  commenced abrup tly  and the in fe c tio n  progressed to 
a f a ta l  is su e  w ithin 24-48 hours one o r o th e r  o f these  signs was 
ra re ly  absen t. Marked head re tra c t io n  and opisthotonus wrere s im ila rly  
a sso c ia ted  w ith p a r t ic u la r ly  acute types o f the  in fe c tio n . They were 
never seen in  cases c la s s i f ie d  as m oderately i l l .  The presence of 
strabism us a t  the  o u tse t o f  an a ttack  was taken as evidence of a 
widespread meningeal in v asio n . Strabismus was noted in  the  presence 
o f a frank ly  pu ru len t cerebrosp inal f lu id  and, in  a few cases, in  
conjunction w ith o th e r forms o f p a re s is .
T urb id ity  o f the  cerebrosp inal f lu id  d id  no t appear to have 
the  same importance as an index o f sev e rity . A p u ru len t f lu id  as 
opposed to an opalescen t f lu id  was n o t n e c e ssa r ily  a sign o f 
in creased  sev e rity . I t  i s  more d i f f i c u l t  to  assess  th e  degree o f 
i l l n e s s  from the number o f organisms in  the cerebrosp inal f lu id  and no 
attem pt has been made to  show whether such a c o rre la tio n  e x is ts ,  
but c l in ic a l  observation  alone has shown th a t  where the meningococci,
as seen in  a d ire c t  smear o f the cerebrosp inal f lu id ,  were in  
abundance and more e sp ec ia lly  where they were e x tra c e l lu la r ,  the  
in fe c tio n  ran a much more severe course; indeed one was ab le  to  say
w ith  a f a i r  degree of confidence th a t  when the  meningococci were 
scanty  and in t r a c e l lu la r  o r where one was unable to d iscover th e  /
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th e  organism a f te r  a prolonged search, the  outlook was favourable.
I t  must be remembered, o f course, th a t  in  the ra re  fulm inating forms 
o f the d isease  where the p a t ie n t  d ies  before the meninges are 
invaded, lumbar puncture rev ea ls  a c le a r  and s te r i l e  f lu id ,
i i i .  Determ ination o f P rognostic  S ign ificance  by S ta t i s t i c a l  Methods.
I t  has been shorn how signs and symptoms were se lec ted  as fa c to rs  
worthy o f considera tion  in  the  in v e s tig a tio n  o f prognosis in  the 
p re sen t s e r ie s  o f cases. The sev e rity  o f  these  signs and symptoms 
has been assessed  on c l in ic a l  grounds, when i t  was observed th a t  the 
m ajo rity  were asso c ia ted  w ith th e  more severe forms o f th e  in fe c tio n .
I t  i s  now proposed to determ ine the p rognostic  s ig n ifican ce  o f the 
several fa c to rs  by s t a t i s t i c a l  an a ly sis  o f th e  d iffe ren ces  found between 
those who recovered and those who died.
Day o f  I l ln e s s  on admission to h o sp ita l.
The e a r l i e r  the d isease  i s  diagnosed the  sooner i s  treatm ent 
in s t i tu te d .  A ll observers in  the p a s t were agreed th a t ea rly  treatm ent 
o ffe re d  one o f th e  most hopeful o f  p rognostic  in d ic a tio n s . P a tie n ts  
adm itted to h o sp ita l l a t e  in  the  d isease  are  more l ik e ly  to succumb o r, 
i f  they recover, to show permanent sequelae in  th e  form o f mental 
impairment, nerve deafness, e tc . The r e la t io n  between nervous 
com plications and the day o f i l l n e s s  w ill be d iscussed  in  a l a t e r  chap ter.
The accompanying ta b le  (Table I I I )  shows deaths and reco v eries  
in  re la t io n  to  the  number o f days o f i l l n e s s  p r io r  to admission to  
h o sp ita l in  the  256 p a tie n ts .
Table I I I .
Deaths and Recoveries in  r e la t io n  to  Day of I l ln e s s .
Days 1- 2- 3- 4- 5- 10 - 1 5 Total
D 6 12 7 5 5 2 37
R 8 50 52 42 62 5 . 219
Total 14 62 59 47 67 .... . 7. 2*5 6
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The case f a t a l i t y  r a te  in  re la tio n  to day o f i l ln e s s  i s  shorn in  
Table IV.
Table IV.
Case F a ta l i ty  in  r e la tio n  to Day of I l ln e s s .
Days i l l  
p r io r  to 
Admission.
Cases. Deaths.
Case F a ta l i ty  
Rate 
per cent.
1- 14 6 42.86
2- 62 12 19.35
3- 59 7 11.86
4- 47 5 10.64
5- 67 5 7.46
10 -  15 7 2 28.57
Total 256 37 14.45
To determ ine th e  s t a t i s t i c a l  s ig n ifican ce  o f the  d iffe ren ces  
between reco v eries  and deaths in  re sp ec t o f  the day o f i l ln e s s ,  
th e  t e s t  i s  adopted. (In  c a lc u la tin g  th is  the assumption i s  
made th a t  th e re  i s  no r e la t io n  between day o f i l ln e s s  and f a t a l i ty .  
I f  th ese  two fa c to rs  are indeed independent, we should expect an 
equal p roportion  o f deaths and reco v eries  fo r  each day o f i l ln e s s .  
We then determ ine whether the  d iffe ren ces  between the  ac tu a lly  
observed and the expected f ig u re s  might freq u en tly  o r  only in ­
freq u en tly  a r is e  by chance in  samples o f th e  above s iz e . I f  we 
fin d  th a t  the d iffe ren ces  from our assumed un iform ity  are such as 
would only a r is e  very in fre q u en tly  by chance then we may r e je c t  the 
o r ig in a l  hypothesis th a t  day o f i l ln e s s  and f a t a l i t y  are  u n re la te d . 
We sh a ll be in  a p o s itio n  to s ta te  th a t  the  d iffe ren ces  observed in  
f a t a l i t y  r a te s  are r e a l , in  th a t  they would be u n lik e ly  to d isappear 
i f  we took another sample o f  p a tie n ts  o f equal s iz e .) .
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The s t a t i s t i c a l  technique involved i s  demonstrated in  Table V 
which shows the  observed and expected numbers o f deaths and recoveries  
fo r  each day o f i l l n e s s : -
Table V.
Days i l l  
p r io r  to 
Admission.
Deaths Recoveries
T otal.Observed
Number.
Expected
Number.
Observed
Number.
Expected
Number.
1- 6 2.02 8 11.98 14
2- 12 8.96 50 53.04 62
> 7 8.53 52 50.47 59
4- 5 6.79 42 40.21 47
5- 5 9.68 62 57.32 67
10 -  15 2 1.01 5 5.99 7
Total 219 _ 2 5 € .  i
I t  w ill  be observed th a t  the number o f  p a t ie n ts  adm itted to
h o sp ita l tw enty-four hours a f te r  th e  onset o f  i l l n e s s  i s  fourteen
ou t o f the  t o t a l  256 p a t ie n ts ,  o r  5*47 p er cen t. The number o f
deaths we would expect to f in d  dn our hypothesis would th e re fo re  be
5.47 p er cent o f  37* o r 2.02, and the number o f recoveries  11. 98,
The expected number o f deaths and recoveries  i s  thus ca lcu la ted  fo r
0
th e  days o f i l l n e s s  in  the f i r s t  column of the  ta b le . X i s  equal
. ^ xl. t r (Observed Number minus Expected Number)to  the  sum o f a l l  the  values o f v—— ——------------------------- ----------------------'Expected Number.
The various d iffe ren ces  found between th e  observed and expected 
numbers are  th e re fo re  summed up in  which i s  in te rp re te d  by means 
o f f i s h e r 's  ta b le . I t  only remains to f in d  the  value o f n , which i s  
the  number o f " c e l l s '1 o r  sub-groups which can be f i l l e d  up independently 
o f  th e  to t a l s  in  the  margins a t  the s ide  and bottom o f th e  ta b le .
We now ob ta in  the value o f P o r the  p ro b a b ili ty  o f  such a divergence 
a r is in g  by chance. As a conventional le v e l ,  a P o f 0 .05  o r l e s s  i s  /
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i s  u su a lly  taken as " s ig n i f ic a n t .” I f  P i s  g rea te r  than 0.05 then 
the  observed, values do n o t d i f f e r  from the expected values by more 
than might reasonably be ascribed  to chance, while i f  P i s  le s s  
than 0.05 then i t  i s  l ik e ly  th a t they do d i f f e r  by more than might 
be ascribed  to chance.
pIn  the p resen t example X i s  equal to  f if te e n  and n , the  number 
o f independent sub-groups i s  f iv e . For these  values F is h e r 's  ta b le  
gives a p ro b a b ility  o f 0 .01 . I f  our hypothesis th a t  we ought to  
have observed the  same percentage of deaths and recoveries  fo r  each 
day o f i l l n e s s  i s  tru e , th a t  i s ,  i f  day o f i l ln e s s  and f a t a l i t y  are 
no t a sso c ia ted , then in  the d if fe re n t sub-groups o f the s iz e  shown 
we might have reached merely by chance the  d if fe re n t  percentages 
a c tu a lly  observed about once in  a hundred tim es. Once in  a hundred 
tim es can be taken as an u n lik e ly  event. We may th e re fo re  conclude 
th a t  our o r ig in a l te s t in g  hypothesis o f eq u a lity  i s  wrong and th a t  i t  
is .m ore  l ik e ly  th a t  th e re  i s  a r e la t io n  between day o f i l l n e s s  and 
f a t a l i t y ;  in  o th e r words, the number o f days o f i l l n e s s  p r io r  to 
the  p a t i e n t 's  admission to h o sp ita l i s  o f p rognostic  s ig n ifican ce  
in  cereb rosp ina l fever.
The d iffe ren ce  in  the  number o f deaths from unifo rm ity  i s  most
s tr ik in g  in  those p a t ie n ts  who were adm itted to h o sp ita l w ithin  twenty-
four to  fo r ty -e ig h t hours of the onset o f the i l ln e s s .  The higher
f a t a l i t y  r a te  in  th is  group, the reverse  o f what might be expected,
may perhaps be exp la in ed  by the  fa c t  th a t  p a tie n ts  adm itted on the
f i r s t  day o f i l l n e s s  were l ik e ly  to contain an abnormal proportion
o f cases in  which the  onse t had been sudden and abrupt; such cases 
a re  l ik e ly  to be o f  a severe ch arac te r. This ap p lie s  p a r t ic u la r ly
to  th e  fulm inating  type o f in fe c tio n . The presence o f coma, /
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coma, d e liriu m , convu lsions and g e n e ra lis e d  p e te c h ia l  ra sh es , s igns 
in d ic a t iv e  o f s e v e r i ty ,  a t  once a t t r a c t  a t te n t io n  w ith  th e  r e s u l t  th a t  
th e  p a t ie n t  i s  removed to h o s p ita l  w ithou t de lay . This f a c t  accounts 
f o r  th e  h ig h e r d ea th  r a t e  in  p a t ie n ts  adm itted  to  h o s p ita l  e a r ly  in  th e  
d is e a s e . The re la t io n s h ip  between s ig n s  in d ic a t iv e  o f  s e v e rity  and 
th e  day o f i l l n e s s  on adm ission to h o s p i ta l  i s  shown in  the  
accompanying c h a r ts .  I t  w ill  be observed th a t  p a t ie n t s  in  whom th e  
o n se t o f  i l l n e s s  was c h a ra c te r is e d  by coma, d e liriu m , o r  ra sh , tended 
to  be adm itted  to  h o s p i ta l  e a r l i e r  than  th o se  in  whom th e se  s ig n s  were 
a b se n t. The r e l a t i v e ly  low d e a th - ra te  in  th e  group o f  p a t ie n ts  adm itted  
to  h o s p i ta l  between th e  th i r d  and f i f t h  days o f  i l l n e s s  can be 
ex p la in ed  by th e  f a c t  th a t  p a t ie n ts  who have su rv ived  th e  in fe c t io n  
u n tre a te d  fo r  th re e  to  f iv e  days may be considered  to have a g re a te r  
immunity and th e re fo re  a b e t t e r  chance o f recovery . The dangers o f  
d e lay  in  tre a tm e n t, however, cannot be a sse ssed  s o le ly  in  r e la t io n  to  
d e a th s  and re c o v e r ie s . Of th e  f iv e  p a t ie n t s  who su rv ived  in  th e  
group adm itted  to  h o s p i ta l  between th e  te n th  and f i f t e e n th  day o f 
i l l n e s s ,  two developed in te r n a l  bydrocephalus and one su ffe re d  from 
m ental im pairm ent.
Age o f the  p a t ie n t .
M o rta lity  i s  heav ier in  in fa n ts  and ad u lts  over fo r ty  years. I t  
i s  g re a te s t  in  in fa n ts  under two years  o f age, tends to  decrease towards 
the  tw en tie th  year, when i t  r i s e s  again w ith each subsequent decade 
(W orster-Drought and Kennedy). The follow ing percen tages from cases 
adm itted to th e  Mount S inai H ospital (1901-1§06) are  given by Heiman 
and F e ld s te in  and quoted by W orster-Drought and Kennedy, (Table VI).
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Table VI.
M o rta lity  in  r e la t io n  to age (Heiman and F e ld s te in ) .
Age M o rta lity
(Years) (per cent) •
1 74
2 88
3-5 41
5-10 40
10-15 39
15-20 48
20-33 45
30-40 63
40-50 67
50-60 100 j
W orster-Drought and Kennedy showed th a t  in  serum tre a te d  cases the
heav ier m o rta lity  was s t i l l  w ithin  the  f i r s t  two years o f  l i f e .
The age d is tr ib u tio n  in  r e la t io n  to deaths and reco v eries  in
th e  p resen t s e r ie s  o f  256 cases co n s is tin g  o f females and o f ch ild ren
o f  both sexes up to  and inc lud ing  th e  age o f f iv e  years tre a te d
w ith  sulphonamide drugs was as fo lio w s:-
Table VII.
Deaths and Recoveries in  re la tio n  to Age.
Age Group (Years)
219
Total 24
The percentage f a t a l i t y  in  r e la tio n  to age i s  shown below:-
Table V III.
Case F a ta l i ty  in  re la t io n  to Age.
Age (Tears) Number o f Cases. Deaths.
Case T a ts l l%  
Rate p e r  cent.
0- 49 11 22.45
1- 34 5 14.70
2- 41 5 12.19
5- 22 3 13.63
10- 40 4 10.00
20- % 5 9.80
4 0 - 6 0 19______ 4 21.05
Total 256 37 14.45
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I t  w ill be observed th a t  while the f a t a l i t y  ra te  in  cerebrospinal 
fev er has been g rea tly  reduced under modem methods o f treatm ent 
compared w ith sero therapy, (see  ch art, Chapter I ,  p. 4 ) ,  i t  i s  s t i l l  
heav ies t in  the  ea rly  and l a t e  years o f l i f e .  Of the th irty -sev e n  
p a t ie n ts  who died, twenty-one o r 56*75 Per cent were under the age 
o f  f iv e  y ears , and four o r 10.81 p er cent were betYveen the ages o f 
fo r ty  and s ix ty  years.
The above observations upon age and case f a t a l i t y  r a te  in  infancy 
are  in  accord with the f ig u re s  produced by W illiams in  her rep o rt 
covering 102 cases o f cereb rosp ina l fever under th e  age o f s ix teen  
y ears  t re a te d  by chemotherapy between January and May 1940. W illiam s1 
percentage f a t a l i t y  i s  shown below (Table IX).
Table IX.
Age and Case F a ta l i ty  Rate (W illiam s, 1940).
Age (T ears).
Number of 
Cases. Deaths. 1
Case F a ta l i ty  1 
Rate 
p er cent.
0 - 1 21 4 19.0
1 - 2 17 3 | 17.6
2 - 5 4 13 .3
5 - 1 0 16 0 0
10 -  15 18 ... 2 _ L 11.1
Total 102 13 12.7
W illiam s1 f a t a l i t y  r a te  under two years  i s  s im ila r  to  th a t  in  
my own s e r ie s  o f cases, namely, 18 p e r cent.
Table VIII shows th a t  f a t a l i t y  i s  g re a te s t  a t  the  low est and 
h ig h es t age groups and shows a. p ro g ressiv e  in c rease  in  o ld e r  l i f e .  
S t a t i s t i c a l  an a ly s is  g ives a value a f te r  equal to  4.9* which however 
i s  n o t d e f in ite ly  s ig n if ic a n t.
In  Table X,I have aggregated the  n o t i f ic a t io n s  and deaths re tu rn s  
fo r  Glasgow as a whole over the  decennial period  1931-40 and from /
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from th ese  ca lcu la ted  the  f a t a l i t y  ra te s  a t  ages. The ac tu a l f a t a l i t y  
ra te s  age fo r  age are appreciably  in  excess o f the corresponding 
f ig u re s  in  my ovvn s e r ie s  but i t  w ill be observed th a t  the  general trend  
with age i s  s im ila r.
Table X.
Glasgow: Cerebrospinal Fever 1931-40; F a ta l i ty  Hates a t  Ages.
Age 
j (Years)
Humher~bT—  
Cases.
Humber o f 
Deaths.
" F a ta li ty ' TEIV 
p er cent.
| 0 - 1 * 416 252 60.58
i - 2 182 75 41.21
i -  5 244 90 36.88
j -10 137 38 27.74
-20 195 69 35-38
-40 219 53 24.20
-60 63 45 71.43
Over 60 15 11 73-33
| Total 1471 653 43.06
S ta t i s t i c a l ly  th e re  i s  no doubt whatever as to the observed 
d iffe re n c e s . The value fo r  X  ^ i s  equal to 341*39* I t  i s  le g itim a te  
to  in f e r  th e re fo re  th a t  the in s ig ftifican ce  s t a t i s t i c a l l y  o f the 
d iffe re n c e s  in  the prev ious ta b le  i s  wholly to be a t t r ib u te d  to th e  
r e la t iv e ly  small numbers involved.
Two o b jec tio n s  might be rs is e d  to  the  s e r ie s  o f f ig u res  in  Table X. 
(1) A ll the  cases were not adm itted to  h o sp ita l and th e re  maybe some 
doubt as to whether o r no t the  d iagnosis on the  o r ig in a l  n o t i f ic a t io n  o f 
th e  n o n -h o sp ita lised  cases has been v e r if ie d . The p ro p o rtio n , however, 
which they bear to the  to ta l  i s  too small appreciably  to a f fe c t  the 
general r e s u l t .  Of the  to ta l  1471 cases 91*03 Per cent were 
h o s p ita l is e d  and 8.97 Per cent n o n -h o sp ita lised ; (2) th e  n o t i f ic a t io n s  
rece ived  and the deaths re g is te re d  during the given period  do n o t a l l
r e l a t e  to the  same in d iv id u a ls . This ob jec tio n  i s  only p e r tin e n t when a 
sh o rt perio d  o f time i s  under considera tion  and with a decennium can be
regarded as n e g lig ib le .
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Sex.
From th e i r  experience o f p as t epidemics, observers were agreed
th a t  sex in  i t s e l f  had no prognostic  s ig n ifican ce  in  cerebrospinal
fev e r. In  o rder to  assu re  myself th a t  sex s t i l l  remains a n e g lig ib le
fa c to r  in  prognosis, I  have ca lcu la ted  the f a t a l i t y  ra te s  in  males
and fem ales su ffe rin g  from cerebrosp inal fev er in  Glasgow over the
decennial period  1931-40. The r e s u l ts  are  shorn in  Table XI.
Table XI.
Glasgow: Cerebrospinal Fever: 193^-40.
F a ta l i ty  Bates, Males and Females.
YEAR
1931
2 :
3  ij
4 -
5
6
7
8
9
1940
MALES
No. o f Deaths.Cases.
T o ta l J . .826
91
85
83
58
50
41
72
46
45
255
’  j 372
F a ta l i ty  Bate 
p e r cent.
68.13
55.29 
56.63
62.07
56.OO
58.54
56.94
41.30 
28.88 
a .  58
45.04
No. o f 
Cases.
91
66
71
37
33
33
34
42
36
202
645
FEMALES
Deaths. , * * * * *  (Rate per
cent.
67
37
31
23
13
14
13
19
6
261"
73.63
56.06
43.06 
62.16 
39.39
42.42
38.23
45.24 
16.66 
18.81
Tot­
a l . !
182 
1 1% j
154
95
83
74 j
106 i
88 j 
81
457Jj 
40.47 j ! 471 ]
From a f i r s t  glance a t  the  above ta b le  i t  would appear th a t  f a t a l i t y  
i s  g re a te r  in  males than in  fem ales. S t a t i s t i c a l  a n a ly s is , however, shows
th a t  th e  d iffe ren ces  between percentage f a t a l i t y  r a te s  in  males and
fem ales fo r  each year i s  no t s ig n if ic a n t.  In  no one year i s  the
d iffe re n c e  between the  values g rea te r  than tw ice the standard  e r ro r  o f
d iffe re n c e . S im ilar r e s u l ts  are  obtained  i f  we consider the  gross 
f a t a l i t y  r a te  in  males and females over th e  ten -y ear perio d  1931-40. The /
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The d ifferen ce  between the values i s  seen to be 4 .57  per cent; the 
standard error o f  the d ifferen ce  i s  8.23  per cent, which shows th a t  
t h is  d ifferen ce  i s  not s ig n ifica n t*  We are thus j u s t i f i e d  in  
concluding th a t sex was in  the p ast o f  no importance to prognosis in  
cerebrospinal fever.
Case f a t a l i t y  in  r e la t io n  to age and sex  in  so far  as i t  could be 
ascerta in ed  in  the p resen t s e r ie s  o f  cases i s  shorn in  Table XII.
Table XII.
Percentage F a ta lity , Males and Females ( 0 - 5  years) 
Present S er ies .
Age
(Years)
M
Total
a le s
Deaths
Fern
Total
a le s
Deaths
0 -
1 _2
1 - 5
11
15
41
3
5
5
13
10
43
1
2
6
Total
F a ta l i ty  
p e r cent.
67 13
19.40
66 9
13.64
The d ifferen ce  between the case f a t e l i t y  ra tes  in  males and 
fem ales o f  5*76 P£r cent i s  not s t a t i s t i c a l ly  s ig n if ic a n t . I t  i s  o f  
in t e r e s t  to  compare the fig u res  obtained in  my own se r ie s  w ith the  
corresponding fig u re  for the decennial period 193P--40 (Table X III).
Table XIII.
Percentage F a ta lity , Males and Females ( 0 - 5  y ea rs).
Cerebrospinal Fever: d a s  gov/, 19ZP--40.
Age
(Years)
Males 
Total Deaths
Females 
T otal Deaths.ii! ^
 1
0 481 249 36I  168
F a ta l i ty  
p er cent 51.77
46.54
The d iffe ren ce  in  f a t a l i t y  r a te s  between males and females 
o f  5. 23 per cent approximates to the d iffe ren ce  obtained in  mjr own 
s e r ie s  of cases, and i s  lik ew ise  no t s ig n if ic a n t.
I t  w ill be seen th a t with regard  to my own se r ie s  of cases, 
sex i s  o f no p rognostic  s ig n ifican ce .
Heroes F e b r il is .
The presence o f herpes has been regarded in  the  p a s t as a 
favourab le  sign. Authors have drawn a tte n tio n  to the  low f a t a l i t y  
r a te  among p a t ie n ts  showing th is  sign . O bservations on herpes 
occu rring  in  the p re sen t s e r ie s  of cases are  recorded in  Tables 
XIV and XV. Table XIV shows the  frequency o f herpes in  re la tio n  
to  deaths and reco v e rie s . Of the  th ir ty -se v e n  p a t ie n ts  who died, 
tw elve o r 32*43 Pe r  cent developed a’ h e rp e tic  le s io n  during the 
course of the i l l n e s s ;  o f the  219 p a t ie n ts  who recovered, f i f t y -  
seven o r 26.03 Per cent exh ib ited  herpes during the course of the 
i l l n e s s .
Tab le  XIV.
Frequency o f Herpes F e b r il is  in  re la t io n  
to Deaths and Recoveries.
Herpes + . Total
D 12 25 37
R 57 162 219
Total 69 187 256
That th e  d iffe ren ce  between these two values (6 .4  per cent) might 
e a s ily  have a risen  by chance i s  shown by the  f a c t  th a t  the standard  
e r ro r  o f the d iffe ren ce  i s  7*:^ 9‘ I t  can th e re fo re  be concluded th a t 
in  the  above sample of 256 p a t ie n ts  su ffe rin g  from cerebrosp inal
fev e r, the  presence of herpes has no p rognostic  s ig n ifican ce .
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Table XV.
Frequency o f  Herpes F e b r i l i s  in  r e la t io n  to  Age.
Age 0 -  
(Years) k-  1-  2~ 5- 10- 15- 20- 40-60 T otal
D 1 2 - 2 4 3 12
E 6 8 10 10 17 6 57
T otal 7 10 10 12 21 9 69
In  Table XV i s  shown th e  d i s t r ib u t io n  o f  herpes in  r e la t io n  to  age.
I t s  absence in  th e  e a r ly  age groups known to  be o f  unfavourab le  p rognosis  
w il l  be no ted . T his f a c t  no doubt in  some m easure accounted fo r  th e  
m istaken  im pression  in  th e  p a s t  th a t  th e  p re sen ce  o f  herpes was a 
fav o u rab le  sign  in  c e reb ro sp in a l fe v e r.
I t  i s  o f  i n t e r e s t  to  n o te  th e  absence o f th e  h e rp e tic  le s io n - 
in  th e  e a r ly  age groups. I t  i s  d i f f i c u l t  to  ex p la in  why t h i s  should 
be so, but i t  would seen th a t  t h i s  i s  a f a c to r  which m e rits  co n s id e ra tio n  
in  any in v e s t ig a t io n  upon th e  ae tio lo g y  o f  herpes f e b r i l i s .
I n i t i a l  Tem perature. P u lse  R ate, and R esp ira tio n  R ate.
O bservations are recorded to  show th e  case f a t a l i t y  r a te s  in
r e la t io n  to  i n i t i a l  tem p era tu re , p u lse  r a t e  and r e s p ir a t io n  r a te .
(T ab les XVI, XVII, and X V III).
Table XVI.
Case F a ta l i ty  in  r e la t io n  to  I n i t i a l  Tem perature.
| Temp e ra tu re  (o F ah ren h e it)!  CfcsesJ D eaths |_ Case Fa t a l i t y  p e r c en t.]
' — 6 “q o/oo' I
98 -  47 ! 7 14.89 ;
1 QQ -  66 i 7 10 .60  :99 
100
101
102
103
T o ta l
69
Table XVII.
Case F a ta l i ty  in  r e la t io n  to I n i t i a l  P u lse  Rate.
P u lse  Rate 
(p e r  m inu te).
60 -  
9o -  
100  -  
120  -  
140 -  
160 -  180
T o ta l
~ r
Cases
_
,, 1 Case F a ta l Deaths t p e r  cen t.
13 0 0.00
48 8 16 .66
54 6 11.11
78 10 12 .82
49 10 20.40
14 3 21.43
256 37 14.45
T able XVI I I .
Case F a ta l i ty  in  r e la t io n  to  I n i t i a l  R esp ira tio n  Rate.
I R esp ira tio n  Kate j C aseg
j  (p e r  m inute) j
I 20 -  ( 1 4 2
30 -  i 64
40 -  j 72
5 0 - 6 0  i 1 8
T
T otal 256
Deaths
12  
12  
9
4
37
"j Case F a ta l i ty  
j p e r  c en t.
8.45 
18.75
28.12 
22. 22
14.45
A study o f  th e  above ta b le s  would seem to  suggest th a t  th e  i n i t i a l  
tem p era tu re , p u lse  r a t e ,  and re s p ir a t io n  r a te  recorded  in  th e  256 
cases  a re  f a i r l y  r e l i a b l e  guides to  p ro g n o s is . The f a t a l i t y  r a te  
ten d s  to in c re a s e  as th e  tem peratu re  r i s e s  and th e  p u lse  r a t e  and 
r e s p i r a t io n  r a te s  in c re a s e . S t a t i s t i c a l  t e s t s  ap p lied  to  th e
f ig u r e s  f o r  deaths and re c o v e r ie s  re v e a l th a t  s ig n i f ic a n t  d if fe re n c e s  
e x is t  between the  v a lues in  re sp e c t o f  tem p era tu re  (P = 0.05  -  0 . 02) 
and r e s p i r a t io n  r a te  (P = 0 .02) b u t n o t w ith  regard  to p u lse  r a te .
From th e  above sample o f  cases i t  i s  th e re fo re  concluded th a t  th e
l
i n i t i a l  tem peratu re  and r e s p ir a t io n  r a te s  a re  o f p ro g n o s tic  s ig n if ic a n c e
by reason  o f  th e  in f lu e n c e  they  e x e r t upon th e  outcome o f  an a tta c k  
o f  c e re b ro sp in a l fe v e r.
Coma, D e lir iu m, e tc .
The v a rio u s  f a c to r s  have been ta b u la te d  in  r e la t io n  to  th e i r  
frequency in  th o se  who d ied  and in  th o se  who recovered  from an 
a tta c h  o f  th e  d isea se  (T able XIX, a -  j ) .  The ta b le s  a re  as fo llow s:
Table XIX. (a  -  j ) .
a . b.
Coma + - T o ta l D eli rium + - T otal
D 20 17 37 D 17 20 37
R 39 180 219 R 64 155 219
59 197 256 81 175 256
c. d.
C onm l-+ T o ta l Head­ + T otals io n s . ache.
D 5 32 37 D 8 8 16
R 10 209 219 R 103 13 116
15 241 256 111 a 132
e. f .
Rash + T otal Head Re­ + T otal
t r a c t io n .
D 19 18 37 D 15 22 37
R 4 6 173 219 R 69 150 219
65 191 256 84 172 256
g- h.
Opi stho t~ + T o ta l S tr a b is ­ + T otalonus. mus.
D 7 3C> 37 D 5 32 37
R 12 207 219 R 19 200 219
19 237 256 24 232 256
i . j*
C h arac te r Q T otal Meningococci + T o ta l
o f  C .S.F. in  C .S.F.
D 33 4 37 D 34 3 37
R 193 26 219 R 17L 48 219
226 ~ 30 256 205 51 256
+ * P re se n t. -  = Absent. T = T urbid . 0 = O palescen t.
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The d ifferen ce  in  the to ta l number o f  p a tien ts  with and without 
headache i s  due to the fa c t  th a t the presence or absence o f th is  
symptom could not be r e lia b ly  ascertained  in  children. T|ie to ta l  
13? in clu des a l l  p a tien ts  over f iv e  years o f age.
The prognostic  s ig n ifica n ce  was determined by ca lcu la tin g  the  
percentage frequency o f  each fa c to r  in  p a tien ts  who recovered and in  
p a tie n ts  who died and estim ating the standard error o f the d ifferen ce . 
As a conventional le v e l  tw ice the standard error i s  adopted and 
d ifferen ces  between values which are greater than tw ice the standard 
error o f  the d ifferen ce  are considered to be s ig n if ic a n t . The r e su lts  
are as shown in  Table XX.
Table XX.
Frequency o f  Various Factors in  P a tien ts  who Recover 
and in  P a tien ts  who Die.
Deaths Recoveries D ifferen ce Standard 
error o f  
D ifferen ce.
Observations |
on | 
s ig n ifica n ce . !
Coma 
Delirium  
Convulsions 
Headache 
Rash 
Head Re­
tra c tio n
54.05
45.94
13.51
50.00
51.35
40.54
17.81 
29.22 
4. 57 
88.79  
21.00
31.51
36. 24
16.72
8 .9 4
38.79
30.35
9 .0 3
7.49
8.27
4 .17
9 .75
7.74
8.35
Marked 
S li  ght 
S lig h t  
Marked 
Marked
Not s ig ­
n if ic a n t
Opisthotonus
Strabismus
13.92
13.51
5.48
8.68
13.44  
4 .83
4.66
5.13
Mark ed 
Not s ig ­
n if ic a n t
C.S.F. turbid 94.28 88.13 6.15 5.70 Not s ig ­
n if ic a n t
Meningococci
C.S.F. 91.89
,
78.08 13.31 7.10 Not s ig ­
n if ic a n t .
The conclusions to be drawn from the above ta b le  are based on
s t a t i s t i c a l  a n a ly s is . Deaths and reco v eries  have been compared with  
regard to the presence on admission o f  the various fa c to r s  s e t  forth .
The /
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The d if fe re n c e s  which e x is t  in  re sp e c t o f  coma, ra sh  and o p is th o to n u s 
a re  s u f f ic ie n t  grounds fo r  s ta t in g  th a t  th e  p resence o f  th e se  i n i t i a l  
s ig n s  o f th e  in f e c t io n  e x e r ts  an u n favourab le  in f lu e n c e  upon the  
subsequent course o f  th e  d is e a se , and th a t  they  are  th e re fo re  im portan t 
p ro g n o s tic  f e a tu re s .  With reg a rd  to  d e liriu m  and convu lsions, i t  w ill  
be n o ted  th a t  in  re sp e c t o f  th e se  two s ig n s  the  d if fe re n c e  o f  th e  
in c id e n ce  in  deaths and re c o v e r ie s  approxim ates to tw ice  th e  s tandard  
e r r o r  o f  th e  d if fe re n c e . The p ro g n o s tic  s ig n if ic a n c e  o f  d e liriu m  and 
convu lsions has th e re fo re  been assessed  as " s l i g h t . " The n eg a tiv e  
d if fe re n c e  w ith  reg a rd  to  headache would suggest th a t  p a t ie n ts  b u ffe rin g  
from headache in  the  e a r ly  s tag es  o f  th e  d ise a se  had a b e t t e r  chance 
o f  recovery  than th o se  in  whom t h i s  symptom was ab sen t. I t  was 
im p o ss ib le , however, to a s c e r ta in  th e  p resen ce  o f  headache in  many 
o f  th e  sev e re ly  i l l  cases by reason o f d e liriu m , coma, e tc .  I t  w ill  
be ap p aren t th e re fo re  t h a t  too much r e l ia n c e  cannot be p laced  upon 
th e  p ro g n o s tic  s ig n if ic a n c e  o f  headache.
From th e  p o in t o f view o f  a c l in ic a l  c la s s i f i c a t io n  o f  se v e rity  
o f  th e  in f e c t io n  th e  degrees o f  s ig n if ic a n c e  shown in  Table XX m ight 
be suggested  to  b ear th e  fo llow ing  in te r p r e ta t io n :
F i r s t  Grade o f  S ev e rity : Headache th e  o u ts ta n d in g  symptom. O ther
s ig n s  o f  m eningeal i r r i t a t i o n  s l ig h t .  Recovery l i k e l y .
Second Grade o f  S ev e rity : Headache v a r ia b le .  D isease
c h a ra c te r is e d  by d e liriu m  and convu lsions. Recovery l i k e l y  bu t 
d ea th  f a i r l y  common.
Third  Grade o f  S ev e rity : D isease c h a ra c te r is e d  by ra sh , coma,
and o p is th o to n u s . P rognosis grave.
We have now assessed  th e  v a rio u s  f a c to r s  which were se le c te d  
as having a p robab le  b earin g  upon th e  outcome o f  an a tta ck  o f  
c e reb ro sp in a l fe v e r . Those f a c to r s  which have been shown to be o f 
im portance in  p ro g n o sis  and to  which sp e c ia l a t te n tio n  w ill  be 
p a id  in  th e  comparison o f  th e  tre a tm en t groups a re  enumerated as 
fo llo w s: -
Number o f  days i l l  p r io r  to  adm ission to  h o s p i ta l .
Age.
I n i t i a l  Tam perature and R esp ira tio n  R ate.
P resence  on adm ission o f  Coma
11 n 11 n D elirium
n ” n ” Convulsions
" " " " Headache
" " » " Rash
n 11 ” " O p istho tonus.
The o b je c t  o f  th e  a b a ly s is  was to  review  th e  fa c to r s  s ig n i f ic a n t ly  
r e la te d  to  th e  outcome o f th e  d ise a se  and, fo llow ing  t h i s ,  to  determ ine 
i f  in  re sp e c t o f  th e  s ig n i f ic a n t  d i f f e r e n t i a l  f a c to r s  th e  f iv e  
tre a tm e n t groups subsequently  to  be compared were o r  were n o t d i f f e r e n t  
from one an o th er. ( i f  they  do d i f f e r  in  th e se  f a c to r s  o b v iously  th e  
d i f f e r e n t i a l  e f f e c t s  o f  th e  sev e ra l tre a tm e n ts  might be obscured  and 
allow ance would have to  be made fo r  th i s  b e fo re  p ro p e r comparison 
could  be made).
The tendency o f  th e  p re s e n t day has been to  ig n o re  o r  m inim ise 
th e  im portance o f  p rognosis  in  d e reb ro sp in a l fe v e r . F ac to rs  such
as th e  age o f  th e  p a t ie n t  and th e  d u ra tio n  o f  i l l n e s s  p r io r  to  th e  
i n s t i t u t i o n  o f  tre a tm e n t, and s ig n s  and symptoms which were accep ted  /
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accep ted  in  th e  p a s t  as r e l i a b le  guides to  the  outcome o f an a tta c k  
o f  th e  d ise a se , no lo n g e r f in d  t h e i r  p roper p la c e  in  c l in ic a l  
in v e s t ig a t io n s .  T his a t t i tu d e  i s  due to th e  dram atic  r e s u l t s  
achieved in  th e  f i e l d  o f chemotherapy. The fu lm in a tin g  type o f th e  
in fe c t io n  expected , th e  g enera l im pression  i s  th a t  th e  sulphonamide 
drugs have rendered  p ro gnosis  in  ce reb ro sp in a l fe v e r  o f  l i t t l e  o r  
no im portance. A study o f th e  l i t e r a t u r e  has f a i l e d  to o f f e r  
co n cre te  evidence in  support o f  t h i s  b e l ie f .
The r e s u l t s  o b ta in ed  w ith  reg a rd  to p ro g n o sis  a re  based on a 
study  o f th e  p re s e n t  s e r ie s  o f 256 cases o f the  d is e a se  snd w il l  be 
u t i l i s e d  in  f u r th e r  a n a ly s is . I t  i s  n o t in f e r r e d  th a t  th e  views 
expressed  a re  n e c e s s a r i ly  a p p lic a b le  to  a l l  cases o f  c e reb ro sp in a l 
fe v e r  tre a te d  by chemotherapy, bu t i t  i s  suggested  th a t  fu tu re  
in v e s t ig a t io n s  m ight be c a r r ie d  o u t along s im ila r  l i n e s  w ith  the  
o b je c t  o f  supp ly ing  more r e l i a b le  in fo rm atio n  than i s  a t  p re se n t 
a v a ila b le  and th u s  a r r iv in g  a t  a more inform ed o p in io n .
The f a c to r s  which are  o f  p ro g n o s tic  s ig n if ic a n c e  have been 
determ ined . I t  now rem ains to  be seen w hether th e  trea tm en t groups 
we a re  about to compare a re  indeed  comparable. I t  i s  im p o rtan t to 
know whether th e  p a t ie n ts  in c lu d ed  in  each group had i n i t i a l l y  th e  
same chance o f  recovery . This in fo rm atio n  i s  o b ta in ed  by comparing 
a l l  groups in  re s p e c t o f  frequency o f  th e  i n i t i a l  f a c to r s  o f 
assessm ent a lread y  d iscu ssed  in  th e  c o n sid e ra tio n  o f  p ro g n o sis .
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B. C om parability  o f  T rea tment Groups.
The p lan  o f th e  c l in ic a l  t r i a l  v;as designed to e lim in a te  as f a r  
as p o s s ib le  th e  preponderance in  any one group o f fa c to r s  l i k e ly  to  
have an In f lu en c e  on the  course o f  the  in fe c t io n .  I t  i s  proposed in  
t h i s  sec tio n  to  an a ly se  th e  f iv e  trea tm en t groups in  o rd e r to 
a s c e r ta in  t h e i r  co m p arab ility , n o tin g  in  what re s p e c ts , i f  any, they  may 
d i f f e r  from one an o th er. In  t h i s  a n a ly s is  th e re  w ill  be u t i l i s e d  
th e  c l in ic a l  and b a c te r io lo g ic a l  o b se rv a tio n s  c o lle c te d  and recorded  
a t  th e  tim e o f  th e  p a t i e n t 's  adm ission to  h o s p i ta l ,  and a lread y  
considered  p re v io u s ly  w ith  reg a rd  to p ro g n o sis . Since th e  outcome 
o f  an a tta c k  o f  th e  d isea se  i s  a f fe c te d  by f a c to r s  known to  be o f 
p ro g n o s tic  s ig n ifican ce^  we must observe v/hether th e  trea tm en t groups 
a re  a l ik e  in  re s p e c t o f  such fa c to r s  because any d if fe re n c e s  
e x is t in g  in  one o r  o th e r  group ^ould  in f lu e n c e  th e  f a t a l i t y  r a te .
I f  i t  can be shown th a t  th e  f iv e  groups a re  a l ik e  in  th e se  
e s s e n t ia l  re s p e c ts  we can compare them w ithou t having to  make any 
ad justm en t fo r  f a c to r s  o th e r  than tre a tm e n t.
In  Tables XXI-XXV a re  shown th e  frequency d is t r ib u t io n  o f  th e  
f a c to r s  under c o n s id e ra tio n .
Table XXI.
Day o f  I l l n e s s .
Day o f Treatm ent Group T o ta lI l l n e s s 1 I I i l l IV V
1 1 7 l 0 9 14
2 10 11 12 7 22 62
3 7 8 9 16 19 59
4 10 6 5 8 13 47cJ  ” 8 10 l i 9 29 67
1 0 -1 5 1 l 2 0 3 7
T o ta l 37 39 40 40 100 256
i
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Table XXII.
Age Group 
Years
\— i
\ 1
Treatm ent 
I I  I I I
Group
IV
f
V I T otal I1
0 - 4 4 1 4 1 1  1 241 1 1 2 3 5 4 4 9 : 25
1 - 10 11 13 10 3 1  1 7 5
5 “ ! 4[ 3 3 7 5 ! 22 ;
10 - 2 2 6 1 4 ; 15 !
1 5 - 2I 5 4 4 10 ! 25
20 - 1 2 6 6 8 19 i 51
40 -  60
J 0 3 3 2 1 1  11 19
L  T o ta l IW. w " " 40" 40" r i p i i r z “ 256^
Table XXIII.
I n i t i a l  Tem perature.
‘ Tem perature * ° F .
Treatm ent Group —
I I I h i I V V T o tal |
. ~ y f "
’  1  ' ~ ‘ T "
" 8 S S "  r
j 9 8  - 2 9 n 9 1 6 47 |
1 9 9  - 1 7 10 10 7 2 2 66 iI 1 0 0  - 6 5 4 5 2 4 4 4  !1
j 1 0 1  - 5 6 8 8 18 4 5
! 10 2- ■7 2 2 3 7 1 7J 1 0 3  -  1 0 4  _ 7 1 1 _  l _
_________
1 1
{ 7 :T o ta l _ ~52.\: ~ 3 9 _ : ~ 4 Q _ [ 1 0 0 _
R e sp ira tio n  j ^ 
| Rate p e r  min.j
Table XXIV.
I n i t i a l  R esp ira tio n  Rate.
TreaW ent^Broup"
r 20 -  
30 -
40 -  
| 30 -  60 
I T o ta l
j 23 
! 6 
! 4 
4
3 7
11 I I I IV V
20 a 27 51
11 11 10 26
R 7 1 15
1 2 8
39 40 40 100
Total
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Table XXV (a -  j ) .
Free;uency c f  Coma, Delirium, e t c . , in  the  l iv e groups.
a. b.
Group +Coraa Total Group JD el irium Total
I I I 26 37 I  9 28* 37
I I 10 29 39 II 8 31 39
I I I 8 32 40 I I I  13 27 40
IV 11 29 40 iv  19 a 40
V 19 81 100 v 32 68 100
59 197 256 81 175 256
Group Convulsions Total
+ —
I 4 33 37
I I 5 34 39
I I I 3 37 40
IV 1 39 40
V 2 98 100
15 241 256
e.
Group Rash Total
+
I 8 29 37
I I  9 30 39
I I I  9 31 40
IV 12 28 40
v 27 73 100
65 191 256
g-
Group O pisthotonus Total
I 2 35 37
I I 1 33 39
I I I 5 35 40
IV 7 33 40
V 4 9 6 ____ 100
19 237 256
Group Headache Total
+ —
I 19 1 20
I I 16 3 19
I I I 20 2 22
IV 16 6 22
V 40_ 9
111 a 132
f .
Group Head R etraction  Tot?
+ —
I 19 18 37
I I 16 23 39
I I I 18 22 40
IV 15 25 40
V 16 84 100
84 172 256
h.
Group S trab i smu s Total
+ —
I 4 33 37
II 2 37 39
III 5 35 40
IV 5 35 40
V ________ ____iop_
24 232 256
Table  XXV (contd . ) .
i .
Group Ciio
o f
r a c te r  
C. H. F.
Toted. Group Meningococci 
in  C .S.F.
T otal
T 0 + ~
I 34 3 37 I 32 5 37
I I 36 3 39 I I 29 10 39
I I I 34 6 40 I I I 34 6 40
IV 36 4 40 IV 34 6 40
V 86 14 100 V 76 24 100
226 30 256 205 51- 256
T  = Turbid. 0  = O palescen t.
S ta t i s t i c a l  A nalysis .
p
For th e  comparison o f such d i s t r ib u t io n s  th e  X t e s t  has been 
a p p lie d . The r e s u l t s  a re  shown in  Table XXVI.
Table XXVI. _
Comparison o f F a c to rs  in  th e  F ive Treatm ent Groups.
X2____i N | O bservations.
Age 5.56 28 !
i
Not s ig n if ic a n t.
Day o f I l ln e s s 19.10 2 0 it it
I n i t i a l  Temperature 27.56 2 4 11 11
I n i t i a l  R espiration
Rate. 1 0 . 2 2 1 2 it it
Coma 2 . 6 4 4 11 n
Delirium ; 7-68 4 it it
Convulsions 8.66 4 it ti
Headache I 4 . 8 7 4 ti it
Rash 1.11 4 it it
Head R etraction 22.76 4 Marked s ig n ifican ce  (P
O pisthotonus 1 0 . 4 1 4 S lig h t s ig n ifican ce  (P
Strabism us 1.90 4 Not s ig n if ic a n t.
C haracter o f C.S.F. 2.09 4 it n
Meningococci in
C.S.F. 3-95 4  _ J
11 n
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From t h i s  i t  w ill  be no ted  th a t  th e re  a re  only  two fa c to r s  where 
s ig n i f ic a n t  d if fe re n c e s  emerge, namely, head r e t r a c t io n  and 
o p is th o to n u s . V'dth regard  to head r e t r a c t io n ,  th e re  was a high 
p ro p o rtio n  in  whom th i s  sign  was p re se n t in  th e  f i r s t  th re e  groups, 
and a r e l a t iv e ly  low p ro p o rtio n  in  group V. There i s  a p o s s ib le  
ex p lan a tio n  fo r  t h i s  d if f e re n c e . Head r e t r a c t io n  was observed to  
be more freq u e n t in  in f a n ts  and c h ild re n , b u t as th e  in v e s t ig a t io n  
p ro g ressed  i t  became ap p aren t th a t  what had been previously- 
reco rded  as head r e t r a c t io n  in  ch ild ren  s u f fe r in g  from cereb ro sp in a l 
fe v e r  could a lso  be observed in  h ea lth y  b ab ies  many o f whom show a 
tendency w hile  recumbent to  extend t h e i r  heads in to  a p o s i t io n  no t 
d is s im ila r  to  th a t  seen in  e sse s  o f m eningeal i r r i t a t i o n .  I t  became 
th e  p r a c t ic e  th e re fo re  to  ig n o re  th e  p resen ce  o f  any degree o f  head 
r e t r a c t io n  u n le s s  th e re  was a sso c ia te d  w ith  i t  d e f in i te  nuchal 
r i g i d i t y .  This to  a la r g e  e x te n t accounts f o r  th e  d im inished 
frequency  o f  th e  sign  in  subsequent cases and hence f o r  the  marked 
s ig n i f ic a n t  d if f e re n c e s  observed . The d if fe re n c e s  in  re sp e c t o f 
o p is th o to n u s  a re  much l e s s  s ig n i f ic a n t .
C onclusions.
The f iv e  tre a tm e n t groups have been compared w ith  reg a rd  to  
th e  frequency d is t r ib u t io n  o f  v a rio u s  i n i t i a l  f a c to r s  l i x e ly ,  a p a r t  
from tre a tm e n t, to  in f lu e n c e  outcome. Of th e se  f a c to r s  on ly  one, 
namely, o p is th o to n u s , shows a s ig n i f ic a n t  d if f e re n c e  in  i t s  d i s t r ib u t io n  
among th e  groups and th i s  d if fe re n c e  i s  s l ig h t .  The only  o th e r  
f a c to r  namely, head r e t r a c t io n ,  which was n o t e q u a lly  d is t r ib u te d
th roughou t th e  groups has a lread y  been seen to  have no im portance 
in  p ro g n o sis . The reason fo r  th e  observed d if f e r e n c e s  in  re s p e c t o f
head r e t r a c t io n  has been exp lained .
I t  w ill  be observed th e re fo re  th a t  th e  f iv e  trea tm en t 
groups a re  comparable in  a l l  e s s e n t ia l  re s p e c ts  and a l l  the  
p a t ie n t s  com prising th e se  groups can be considered  to  have had 
an equal chance o f  recovery  before  tre a tm e n t was begun.
The prelim ip& ry in v e s t ig a t io n s  com pleted, we a re  now in  a 
p o s it io n  to  pass  to  th e  f in a l  sec tio n  o f  t h i s  ch ap te r, to  the  
c o n s id e ra tio n  o f  th e  subsequent course o f  th e  d ise a se  in  o rd e r 
to  a s s e s s  th e  e f f ic ie n c y  o f  th e  th e ra p e u tic  agen ts employed 
in  t h i s  study.
C. Comparison o f  Methods o f  Therapy.
The f i r s t  and most im p o rtan t f a c to r  to  be considered  as an 
in d ex  o f  response to  therapy  i s  f a t a l i t y .  I f  among th e  severa l 
methods o f trea tm en t employed in  t h i s  study , i t  can be shown th a t  
one o f  them has been re sp o n s ib le  fo r  saving more l i v e s  than  an o ther, 
then  th a t  method o f  tre a tm e n t i s  th e  method o f  choice in  cerebro­
s p in a l fe v e r. I f  on th e  o th e r  hand no s ig n if ic a n t  d if f e re n c e s  
emerge between th e  tre a tm e n t groups in  re s p e c t o f  f a t a l i t y  -  th a t  i s  
i f  a l l  forms o f chemotherapy a re  eq u a lly  e f f ic a c io u s  in  saving 
l i v e s  -  o th e r  f a c to r s  may be taken in to  account in  th e  cho ice  o f 
d rugs. Should i t  become ev id en t th a t  re s o lu t io n  o f  th e  m e n in g itis
i s  more ra p id  w ith  a p a r t i c u la r  sulphonam ide, i t  i s  obvious th a t  th e  
e x h ib it io n  o f  th a t  p re p a ra tio n  w ill  n o t only  be o f  most va lue  in  
d im in ish in g  th e  r i s k s  o f  com plica tions, bu t w ill  a lso  a llow  f o r  the  
minimum p e rio d  during  which th e  p a t ie n t  must be confined  to  h o s p ita l  
The tre a tm e n t groups w il l  be in v e s t ig a te d  f i r s t  w ith  reg a rd  to  
f a t a l i t y  r a te s .
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F a t a l i ty  Ha te s .
The case f a t a l i t y  r a te s  fo r  th e  f iv e  tre a tm en t groups a re  
shown in  Table XXVII. The d if fe re n c e  between th e  groups i s  most 
marked in  group I .  S t a t i s t i c a l  a n a ly s is ,  however, shows th a t  th e  
d if fe re n c e s  between th e  f iv e  groups in  re sp e c t o f  f a t a l i t y  r a te s  
a re  euch as m ight e a s i ly  be a sc r ib e d  to  chance. X  ^ i s  equal to  
3 .6 3  and n i s  4. For th e se  v a lu es  F i s h e r 's  ta b le  g ives a 
p r o b a b i l i ty  o f  Q-5> which i s  n o t s ig n i f ic a n t .  I t  can th e re fo re  
be concluded th a t  th e  methods o f  tre a tm e n t employed in  the  
in v e s t ig a t io n  a re  eq u a lly  e f f ic a c io u s  in  sav ing  l i v e s  in  p a t ie n ts  
s u f fe r in g  from ce reb ro sp in a l fe v e r. In  th i s  re s p e c t, su lphan ilam ide, 
su lp h a th ia z o le , and su lp h ap y rid in e  a re  eq u a lly  e f f e c t iv e  in  th e  
tre a tm en t o f  c e reb ro sp in a l fe v e r. There i s  no obvious advantage to  
be o b ta in ed  from th e  use  o f  meningococcus a n t i to x in .
Table XXVII.
F a ta l i ty  R ates in  th e  F ive Treatm ent Groups.
|--------------t*
I Group IS e rie s
4 1
Cases
~ 1—
37
Deaths 
2
* I I 39 6 15.38
B I I I 40 6 15.00
IV 40 5 12.50
C V 100 18 18.00
T o ta l 256
37
14. 4-5
Case F a ta l i ty  R ate I 
c en t. !
5.40
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Da ra tion  o f Bla n s  ana Symptoms e tc , in  Recovered Cases.
The signs and symptoms o f cerebrospinal fever are those ch iefly  
o f meningeal i r r i t a t i o n .  I t  has already been shorn how they were 
co llec ted  and recorded fo r  each p a tie n t from day to day during the 
course o f the i l ln e s s .  From such data  signs and symptoms to  be 
considered as in d ices  o f response to therapy were se lec ted  f i r s t  
according to  th e i r  importance in  prognosis, and secondly according 
to  the  r e l i a b i l i t y  w ith which they could be in te rp re te d  c l in ic a l ly .  
These observations are  concerned with recovered cases only. The 
duration  o f convulsions and opisthotonus has been om itted. The 
incidence o f th ese  signs was too small to be o f any value in  a 
comparative an a ly s is . In  Table XXVIII are  shown the average values 
o f various fa c to rs  in  the f iv e  treatm ent groups to g e th er w ith the 
general average ir re s p e c tiv e  o f the method o f treatm ent, and an 
in d ic a tio n  as to ^whether o r n o t the  observed d iffe ren ces  betvjeen the 
groups a re  s ta . t i s t ic a l ly  s ig n if ic a n t.  The l a t t e r  f a c t  was determined 
by the u sual an a ly s is  o f variance. I t  was convenient a t  th i s  stage 
to  compare the treatm ent groups with regard to duration o f s tay  in  
h o sp ita l o f the  recovered p a tie n ts .  The r e s u l ts  in  re sp ec t o f th is
fa c to r  have accordingly been included in  Table XXVIII.
Table XXKIII.
Average Duration o f Signs and Symptoms.
(Recovered cases).
Average du ra tion  in  Days o f
Group j
1
Coma Delirium Head R etraction Primary Pyrexia
i 1.80 2. 56 2.65 4.03!n 1.57 1.71 > 4 5 3-70
h i 1.60 1.80 2.20 4.35
IV 2.13 2.S6 3-?3 4.37
V 1.67 1.82 2.62 3.08
T otal 1.77 2.09 2.88 3*73
S ig n if-  Not s ig - Not_ s ig - 
icance  n if ic a n t  n i f ic a n t n i f ic a n t n i f ic a n t
Stay inj ho spi talj
2b. 31 !
?6.82 j 
29.26 |
26.37 i
27.0&
26. 9_6 J
Not s ig ­
n i f ic a n t .
With reg a rd  to th e  d u ra tio n  o f s ig n s  and symptoms, th e  observed
d if f e re n c e s  between th e  f iv e  trea tm en t groups were s l ig h t  and th ese
d if f e r e n c e s  when p u t to  s t a t i s t i c a l  t e s t s  proved to be such as 
m ight w ell have a r is e n  by chance.
S im ila r  s t a t i s t i c a l  t e s t s  were a p p lie d  to  th e  observed 
d if f e r e n c e s  between th e  f iv e  trea tm en t groups in  re s p e c t o f  the
d u ra tio n  o f  s tay  in  h o s p i ta l .  These d if f e re n c e s  a lso  proved to  be
i n s i  g n if ic a n t .
We a re  thus e n t i t l e d  to  conclude th a t  th e  r a te  o f  response to 
th erapy  in  each o f  th e  f iv e  trea tm en t groups i s  s im ila r  as judged by 
th e  average d u ra tio n  o f  coma, d e liriu m , head r e t r a c t io n ,  prim ary 
p y re x ia , and by th e  d u ra tio n  o f s tay  in  h o s p i ta l .  The r e s u l t s  o f  th e  
a n a ly s is  show th a t  in  re s p e c t o f  th e se  f a c to r s  th e  methods o f 
tre a tm e n t employed a re  eq u a lly  e f f ic a c io u s .
I t  i s  o f  i n t e r e s t  in  p a ss in g  to n o te  th e  general average d u ra tio n  
o f  s ig n s  and symptoms i r r e s p e c t iv e  o f  th e  mode o f  therapy  employed. 
These v a lu es  to g e th e r  w ith  th e  general average d u ra tio n  o f  s ig n s  
and symptoms n o t  in c lu d ed  in  Table XXVIII a re  shorn in  Table XXIX.
They i l l u s t r a t e  th e  r a p id i ty  w ith  which th e  acu te  m a n ife s ta tio n s  
o f  m eningeal i r r i t a t i o n  in  c e reb ro sp in a l fe v e r  d isap p ea r under 
chemotherapy. The average d u ra tio n  of s tay  in  h o s p ita l  ( 26.96 days) 
may seem somewhat h igh , bu t t h i s  f ig u re  in c lu d e s  th e  d u ra tio n  o f  
h o s p i ta l i s a t io n  o f a l l  recovered  cases from th e  day o f  adm ission to  
th e  h o s p ita l  u n t i l  th e  day o f  d ism is sa l. No deduction  has been made 
in  re s p e c t o f  p a t ie n ts  who were d e ta in ed  owing to  co n cu rren t in f e c t io n s
such as whooping cough, chickenpox, mumps, p a ra ty p h o id  fe v e r , e tc .
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Table XXIX.
D uration o f  S igns and Symptoms in  219 Recovered Cases.
Signs and Symptoms. D uration in  Days
Average Maximum Minimum . ... >
Prim ary P y rex ia 3-73 21
1
1 o r  l e s s  1
Headache 2.63 9 1 « «  J
Coma 1.77 4 1  " »
1
D elirium 2.09 5 1 " "
C onvulsions 1 .1 3 3 I  ti tt
O pistho tonus 2.59 5 1 " »'
Head R e trac tio n 2.88 10 p  tt »»
Nuchal R ig id ity 3.37 15 1 " "
B ru d s in sk i 's  sign 2.96 15 1 tt n
K e m ig 's  sign 3.49 16 1 " »'
Stay  in  H o sp ita l 26.96 136 18
O bserva tions upon th e  C ereb rosp ina l f lu i d  in  Recovered P a t ie n ts .
As a fu r th e r  in d ex  o f  response  to  th erapy  th e  f iv e  trea tm en t 
groups were compared w ith  reg a rd  to  th e  tim e taken f o r  th e  cereb ro ­
sp in a l f lu id  to  become s t e r i l e  and d e a r .  Table XXX shows th e  e f f e c t  
o f  tre a tm e n t on b a c te r ia l  a c t i v i ty  and in  Table XXXI i s  recorded  
th e  tiiae  taken fo r  th e  c e reb ro sp in a l f lu id  to become d e a r .
In  59 p e r  cen t o f  th e  p a t ie n ts  com prising groups I  and I I  th e  
second lumbar p u nc tu re  was perform ed n o t a t  f o r ty - e ig h t  hours bu t 
approx im ately  s ix ty  hours from th e  commencement o f  th e rap y . For 
t h i s  reason  th e  s t a t e  o f th e  c e reb ro sp in a l f lu i d  o f  recovered
p a t i e n t s  as a sc e r ta in e d  by lum bar p u n c tu re  n in e ty - s ix  hours a f t e r  /
a f t e r  adm ission to h o s p i ta l ,  th a t  i s ,  on th e  morning o f  th e  f i f t h  
day o f  tre a tm e n t, has been se le c te d  as th e  b a s is  o f  comoarison 
between the f iv e  trea tm en t groups.
Table XXX.
E f fe c t  o f  T reatm ent on B a c te r ia l  A c tiv ity .
Group T otal
Cases
Recovered 
P o s i t iv e  
.•vi’ gcocci 
Cases
When M eningococci d isappeared  a f t e r  Treatm ent I
W ithin 
43 h r s.
W ithin 
60 h rs .
W ithin 
96 h rs .
W ithin 
144 h rs .
W ithin , 
192 h rs .
No. ?o. No. No. %• No. %• No. %-
I 37 ‘ 32 - - 26 8L 25 31. 96.87 - - <2 100
I I 39 29 - - 23 79*31 28 96.55 - - 29 100
I I I 40 34 19 55.38 - _ 97.06 - - 34 100
IV 40 34 16 47.06 - - 33 97.06 - - 34 100
V 100 76 32 42.10 - - 64 84.20 76 100 -
Table XXXI,
Time taken fo r  C ereb rosp ina l F lu id  to  become C lear.
Recovered When th e c .s . F. became c le a r a f t e r  Tres tm ent.
Group T otal
Cases.
cases with
tu rb id
sp in a l
f lu id .
Wi th in  
48 h rs .
W ithin 
60 h rs .
W ithin 
96 h rs .
Wi th in  
144 h rs .
Within 
192 h rs .
No. No. fom No. %* No. %• No. /&•
I 37 32 - - 13 40.62 ZP- 96-37 - - 32 100
I I 39 3L - - 12 33*70 30 96.78 - _ 31 100
I I I 40 23 2 7.14 - - 24 85.71 28 100
IV 40 31 4 L2. 9 - - 22 70.98 29 92.55 31 100
v 100 72 3 1 4.17 - - 39 54.17 68- - i 94.45| 72 100
(a) E f fe c t o f  Treatm ent on B a c te r ia l  A c tiv ity .
A ll recovered  p a t ie n ts  in  whom th e  meningococcus was id e n t i f i e d  
e i th e r  in  th e  d i r e c t  smear o r  on c u ltu re  o f  th e  c e reb ro sp in a l f lu id
folLowing lum bar punctu re  on adm ission to  h o s p i ta l  have been in c lu d ed  
in  Table XXX. They form 80 p e r  cen t o f  th e  t o t a l  256 p a t ie n ts  and 
9 3 .6  p e r  c en t o f th e  re c o v e rie s .
I t  w il l  be observed th a t  in  re sp e c t o f  th e  tim e taken  fo r  
in fe c te d  cerebrospinal, f lu id s  to become s t e r i l e ,  th e re  i s  l i t t l e  
d if f e re n c e  between groups I  -  IV. Of th e  to t a l  129 p a t ie n ts  
com prising th ese  groups s t e r i l i t y  o f  th e  f lu id  was e f fe c te d  in  
125 o r  9^*89 p e r cen t by th e  morning o f  th e  f i f t h  day o f  trea tm en t. 
In  group V on th e  o th e r  hand, by th e  end o f  th e  same p e rio d  o f tim e 
on ly  84 p e r cen t o f  th e  p a t ie n ts  e x h ib ite d  a s t e r i l e  sp in a l f lu id .  
S t a t i s t i c a l  t e s t s  were a p p lie d  to  th e  observed  d if fe re n c e s  between 
th e  tre a tm en t groups. The value  o b ta in ed  fo r  J ?  equal to  10. 7?
(P = 0 . 01) in d ic a te d  a s ig n if ic a n t  d if f e re n c e  due obv iously  to  the  
d iscrep an cy  observed to  e x is t  between group V and th e  f i r s t  fo u r 
groups. In  Table XXXII groups I  -  IV combi aed a re  compared w ith 
group V in  re sp e c t o f th e  s t e r i l i t y  o f  th e  c e reb ro sp in a l f lu id  
n in e ty - s ix  hours a f t e r  th e  commencement o f  tre a tm en t.
Table XXXII.
Treatm ent Groups I  -  IV v Group V.
E ffe c t o f Treatm ent on B a c te r ia l  A c tiv ity .
Group
C.S.F. a f t e r  96 h r s 1 tre a tm en t 
S t e r i l e  Not S t e r i l e  T o ta l
I  -  IV 125 4 129
V 64 12 76
T otal 189 16 205
The observed d if fe re n c e  between th e se  two s e ts  o f  p a t ie n t s  i s  h ig h ly
s ig n i f ic a n t .  The d if fe re n c e  in  p ro p o rtio n  (12.69 p e r  cent) i s  th re e  
and a h a l f  tim es th e  s tandard  e r ro r  o f  th e  d if fe re n c e  (3*88 p e r  cen t). 
From th e  above o b se rv a tio n s  upon th e  e f f e c t  o f  tre a tm en t on
b a c te r ia l  a c t i v i ty  in  ce reb ro sp in a l fe v e r  we a re  e n t i t l e d  to  conclude 
th a t  s t e r i l i t y  o f th e  c e reb ro sp in a l f lu id  i s  ach ieved  more ra p id ly  by
th e  methods o f  tre a tm en t employed in  groups I  -  IV, nam
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namely, su lphan ilam i sulp ha t- hi a zo 1 e, and su lp h an il anilde p lu s
meningococcus a n t i to x in ,  than w ith su lp h ap y rid in e .
( b) Time taken fo r  th e  C erebrosp inal F lu id  to become C lear.
A ll p a t ie n ts  in  whom lumbar p u n c tu re , perform ed a t  th e  time o f
adm ission to  h o s p i ta l ,  rev ea led  a f ra n k ly  tu rb id  ce reb ro sp in a l
f lu i d  have been in c lu d ed  in  Table XXXI. They form 75.78 p er cen t
o f  th e  t o t a l  256 p a t ie n t s  and 88.58 p e r cen t o f  th e  re c o v e rie s .
O bserva tions upon th e  c h a ra c te r  o f  th e  ce reb ro sp in a l f lu id  on
th e  morning o f  th e  f i f t h  day o f tre a tm e n t shows th a t  th e re  i s  l i t t l e
to  choose between groups I  and I I .  At th e  end o f  th i s  p e rio d
lum bar p u nctu re  produced a c le a r  f lu id  in  more than n in e ty - s ix
p e r  cen t o f  th e  p a t ie n t s  com prising th e se  two tre a tm e n t groups.
There i s ,  however, a p ro g re s s iv e  f a l l  in  th e  corresponding  va lues
f o r  th e  rem aining groups from 85. /!  p e r  cen t in  group I I I  to  54.17
p e r  cen t in  group V. S t a t i s t i c a l  t e s t s  app lied  to  th e  observed
d if f e r e n c e s  between th e  f iv e  trea tm en t groups g ives a va lue  fo r  X
equal to  34.92 p e r  c en t (P = 0. 01) ,  showing th a t  th e se  d if fe re n c e s
a re  s ig n i f ic a n t .  I f  groups I  and I I I ,  bo th  su lp h an il am id e -tre a ted
p a t i e n t s ,  a re  considered  to g e th e r  we f in d  th a t  th e  average number
o f  p a t ie n t s  who e x h ib ite d  c le a r  sp in a l f lu id s  by th e  morning o f  th e
f i f t h  day o f  tre a tm e n t i s  91*66 p e r  cen t c o n tra s te d  w ith  group I I ,
96.78 p e r  cen t, group IV, 70*?8 p e r  c en t, and group V, 54.17 p e r  c en t.
From th e  above f ig u re s  we a re  e n t i t l e d  to conclude th a t  
s u lp h a n il amide and su lp h a th iaz o le  a re  more e f f ic a c io u s  as judged by
t h e i r  a b i l i t y  to  c le a r  th e  ce reb ro sp in a l f lu i d  w ith in  what may be
reg ard ed  as a reasonab ly  sa fe  p e rio d  o f  tim e, and in  t h i s  re s p e c t 
th e se  methods o f  tre a tm en t a re  su p e r io r  to  su lp h an il amide p lu s  
meningococcus a n ti to x in  and to su lp h ap y ri d ine .
In  cerebrosp inal fever the condition of the cerebrospinal f lu id  
from day to day provides the b est and most r e l ia b le  guide to the 
p rogress of the in fe c tio n . The ra p id ity  with which the m eningitis 
re so lv es  i s  re f le c te d  in  the time taken fo r th e  cerebrospinal 
f lu id  to  become c le a r  and s te r i l e .  This fa c to r  must be taken in to  
account in  assessin g  any method o f therapy. The dangers a ttendan t 
upon delayed re so lu tio n  are  dic'gussed in  a l a t e r  chapter. In  the 
p re se n t study observations upon th e  e f fe c t  o f treatm ent on the 
cerebrosp inal f lu id  in d ic a te  th a t  sulphanilam ide and su lphath iazo le  
are  superio r to sulphapyri dine. There i s  no apparent advantage to 
be gained from the employment of the  combined method o f therapy, 
sulphanilam ide p lus meningococcus a n tito x in .
SUGARY AND COR CLU SION S.
( a ) Progno s i s  l a  Ce re b rosp in til F e v tr .
The to ta l  ?*6 cases were in v e s t ig a te d  w ith  regard  to tiie progncsti<  
s i gni.fi csnce o f  v a rio u s  i n i t i a l  f a c to r s  l iv e ly  to  have an im portan t 
b ea rin g  upon th e  outcome o f an a tta c k  o f  ce reb ro sp in a l fev e r.
The r e s u l t s  in  re s p e c t o f  f a t a l i t y  were no b e t te r  whether 
tre a tm e n t was begun e a r ly  o r  com paratively  l a t e  in  th e  course o f th e  
d is e a s e . This was 'a t t r ib u te d  to th e  f a c t  th a t  th e  more severe cases 
ten d  to  be sen t to  h o s p ita l  sooner then m ild  cases. The r e la t iv e ly  
h igh  f a t a l i t y  r a te  in  p a t ie n ts  adm itted  to  h o s p ita l  on th e  f i r s t  day 
o f  i l l n e s s  was due to  th e  se v e r ity  o f th e  in fe c t io n .  These r e s u l t s  
do n o t j u s t i f y  o r  condone delay  in  th e  trea tm en t o f  th e  case.
I f  com plications a re  to  be p reven ted  i t  i s  e s s e n t ia l  th a t  sulphonamide 
th e rap y  be commenced a t  th e  e a r l i e s t  p o s s ib le  moment.
Age, in  s p i te  o f th e  e x c e lle n t r e s u l t s  achieved by chemotherapy, 
i s  s t i l l  o f im portance in  determ in ing  th e  outcome o f  an a tta c k  o f  
c e re b ro sp in a l fe v e r .
Sex has been shovvn to  have no p ro g n o s tic  s ig n if ic a n c e  in  
c e reb ro sp in a l fe v e r.
The r e s u l t s  show th a t  i n i t i a l  tem peratu re  and r e s p ir a t io n  r a te  
have a s ig n if ic a n t  e f f e c t  upon th e  course  o f  th e  in f e c t io n .  There i s  
a d i s t i n c t  upward tre n d  in  f a t a l i t y  as th e  i n i t i a l  tem pera tu re  r i s e s  
and th e  i n i t i a l  r e s p i r a t io n  r a te  in c re a s e s .  V a ria tio n s  in  i n i t i a l  
p u ls e  r a t e ,  however, do n o t seem to  in f lu e n c e  th e  outcome.
P rognosis  i s  worse in  th e  p resence  o f  coma, d e lir iu m , convu lsions, 
ra s h , and o p is th o to n u s .
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The presence  o f  herpes was considered  form erly  to be a. 
fav o u rab le  s ign . The r e s u l t s  here  show th a t  herpes has no 
p ro g n o s tic  s ig n if ic a n c e  in  ce reb ro sp in a l fev e r.
Head r e t r a c t io n  was n o t regarded  p re v io u s ly  as an. unfavourab le  
s ig n . O bservations on the  p re se n t s e r ie s  o f  su lphonam ide-treated  
p a t ie n t s  have s u b s ta n tia te d  th i s  view.
S trabism us has lik e w ise  come to assume minor im portance in  
p ro g n o s is  due to  th e  r a p id i ty  o f recovery  w ith  modern methods o f 
th e ra p y .
S t a t i s t i c a l  a n a ly s is  has rev ea led  th a t  th e  r a p id i ty  w ith  which 
th e  sulphonamide drugs s t e r i l i s e  a n d ,e le a r  in fe c te d  and p u ru le n t 
c e reb ro sp in a l f lu id s  has rendered  th e  i n i t i a l  i n f a c t i v i t y  and 
tu r b id i ty  o f th e  sp in a l f lu id  no lo n g e r o f  im portance in  th e  
p ro g n o s is  o f  c e reb ro sp in a l fe v e r . Of 205 recovered  p a t ie n ts  in  whom 
meningococci were dem onstrated in  th e  sp in a l f lu id  on adm ission to 
h o s p i ta l ,  I89  o r  92.19 p e r  cen t produced a s t e r i l e  c e reb ro sp in a l 
f lu i d  fo llow ing  lum bar punctu re  on th e  morning o f  th e  f i f t h  day 
o f  tre a tm e n t. Of 194 recovered  p a t ie n t s  showing f ra n k ly  tu rb id  
sp in a l f lu id s  on adm ission to  h o s p i ta l ,  14-6 o r  75*25 p e r  cen t re v ea led  
a c r y s ta l  c le a r  f lu id  fo llow ing  lum bar punctu re  perform ed on the  
morning o f th e  f i f t h  day o f tre a tm e n t. C lin ic a l  ex p erien ce , however, 
has shown th a t  th e  p resence  o f  abundant e x t r a - c e l lu l a r  meningococci 
in  th e  ce reb ro sp in a l f lu id  i s  o f grave p ro g n o sis .
A ra p id  f a l l  in  th e  p ro te in  co n ten t o f  th e  c e reb ro sp in a l f lu id  
in  th e  acu te  s tag e  o f  th e  d ise a se  i s  a fav o u rab le  s ig n .
The presence  o f bacteraem ia would appear to  have an u n favourab le
in f lu e n c e  upon th e  outcome o f  an a tta c k  o f c e re b ro sp in a l fev e r. 
B acteraem ia i s  u s u a lly  a sso c ia te d  w ith  th e  fu lm in a tin g  type  o f  th e  
in f e c t io n .  ■
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( b) r i  son o f Methods o f Therapy.
I t  has been shown th a t  th e  f iv e  tre a tm en t groups were comparable 
in  a l l  e s s e n t ia l  re s p e c ts , th a t  they could be compared in  th e  
knowledge th a t  th e re  was no preponderance in  any one group o f  fa c to rs  
o th e r  than  trea tm en t known to in f lu e n c e  th e  outcome o f  an a tta c k  o f  
c e reb ro sp in a l fe v e r . One was th u s  ab le  to  assume th a t  a l l  the  
p a t ie n t s  in  each trea tm en t group had i n i t i a l l y  th e  same chance o f 
recovery , end to  make a s tra ig h tfo rw a rd  comparison o f  th e  outcome 
in  p a t ie n ts  su b jec ted  to  th e  d i f f e r e n t  methods o f  therapy  employed.
The f a t a l i t y  r a t e s  in  each trea tm en t group showed th a t  th e  
methods o f  therapy  employed were eq u a lly  e f f e c t iv e  in  sav ing  l iv e s .
There were no s ig n i f ic a n t  d if fe re n c e s  between th e  f iv e  trea tm en t 
groups in  re sp e c t o f  th e  d u ra tio n  o f s igns and symptoms under 
c o n s id e ra tio n .
There were no s ig n i f ic a n t  d if fe re n c e s  between th e  f iv e  trea tm en t 
groups in  re s p e c t o f th e  d u ra tio n  o f  prim ary p y re x ia ..
I t  was im p o ssib le  to d i f f e r e n t i a t e  between the  f iv e  trea tm en t 
groups in  re sp e c t o f  th e  d u ra tio n  o f  th e  p a t i e n t 's  s tay  in  h o s p ita l .
Up to  t h i s  p o in t in  th e  in v e s t ig a t io n  th e  r e s u l t s  o f  a n a ly s is  
seemed to  in d ic a te  th a t  su lphan ilam ide, su lp h a th ia z o le , su lphan ilam ide  
p lu s  meningococcus a n t i to x in ,  and su lphapyri d in e , were e q u s lly  
e f f ic a c io u s  in  th e  tre a tm en t o f c e reb ro sp in a l fe v e r.
D iffe ren ces  emerged in  the  a n s iy s is  o f  th e  c e reb ro sp in a l f lu id  
f in d in g s . O bservations upon th e  ce reb ro sp in a l f lu id  o f th e  
recovered  p a t ie n ts  in  each trea tm en t group rev ea led  th a t  su lphan ilam ide,
sulpha t i l l  a so le , and su lp h an il amide p lu s  meningococcus a n t i to x in ,  were 
ab le  to  e f f e c t  s t e r i l i t y  more ra p id ly  than su lphapyri d ine . . f u r th e r -
/
fu rth erm o re , re s o lu tio n  o f  th e  m en in g itis , as judged by th e  tim e 
taken  fo r  tu rb id  sp in a l f lu id s  to  become c le a r ,  was e ffe c te d  more 
rap id ly  by su lphanilam ide and su lp h a th ia z o le , l e s s  ra p id ly  by 
su lpnsn ilam ide  p lu s  meningococcus a n t i to x in ,  bu t th e  r e l a t iv e  delay 
in  re s o lu t io n  was most marked when su lphapyri dine was e x h ib ite d .
A ll methods o f therapy  employed in  th e  in v e s t ig a t io n  have been 
shown to  be eq u ally  e f f e c t iv e  in  saving th e  l iv e s  o f p a t ie n ts  
s u f fe r in g  from c e reb ro sp in a l fe v e r. I t  must be borne in  mind, 
however, th a t  the  p rev en tio n  o f  com plications o f th e  d isea se  
e s p e c ia l ly  th o se  a f f e c t in g  th e  c e n tra l  nervous system, ranks alm ost 
equal in  im portance to th e  saving o f  l i v e s .  There i s  l i t t l e  
s a t i s f a c t io n  in  cu ring  th e  m e n in g itis  i f  th e  p a t ie n t  i s  l e f t  w ith  
in te r n a l  hydrocephalus o r  s u f fe r s  from o th e r  permanent sequelae 
o f  c e re b ra l damage. The danger o f  th e se  com plications developing 
i s  in c re a se d  in  th e  p resen ce  o f  delayed re s o lu tio n  o f  th e  in f e c t io n .  
In  view th e re fo re  o f  th e  c e reb ro sp in a l f lu id  fin d in g s  in  th e  219 
recovered  cases com prising t h i s  study, one f e e ls  th a t  th e  chemo­
th e ra p e u tic  ag en ts , eu lphanilam ide and su lp h a th ia z o le , a re  to  be 
p re fe r re d  to  su lphapyri d ine  in  th e  tre a tm e n t o f  c e reb ro sp in a l fe v e r.
There i s  no th in g  in  t h i s  in v e s t ig a t io n  to  in d ic a te  th a t  any 
s p e c ia l  advantage i s  to  be o b ta in ed  from th e  u se  o f  meningococcus 
a n t i to x in .  In view o f th e  r e s u l t s  o b ta in ed  w ith  chemotherapy alone 
th e  tro u b le  and d iscom fort to  th e  p a t ie n t  a s so c ia te d  w ith  th e  
a d m in is tra tio n  o f meningococcus a n ti to x in  do n o t w arran t th e  
co n tin u a tio n  o f  such a remedy.
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CHAPTER IV.
COMPLI CATIONS 0_F CEREBRO SPIRAL I EVER.
The com pliest-ions o f th e  d ise a se  have been d iv ided  in to  two 
c a te g o r ie s , th o se  o f meningococcal, o r ig in  and those  of a non- 
m eningococcal n a tu re . They have been recorded  as they  occurred  
in  the  v a rio u s  tre a tm e n t groups and w ill  be arranged  according 
to  th e  system s o f  th e  body a f fe c te d . C om plications which proved 
f a t a l  w ill  be d iscu ssed  in  more d e ta i l  in  th e  "A nalysis o f  F a ta l 
Cases" (C hapter V II). The occu rrence  o f su p ra ren a l haemorrhage 
i s  d esc rib ed  s e p a ra te ly  in  C hapter VI.
S e r ie s  A. (May to  December 1940) .
Group I  -  Sulpha n ila mide.
( a ) Meningococc a l C om plications.
Ce n t r a l  Hervcu s System.
In te rn a l  hydroceph a lu s . There was one case o f  in te r n a l  
hydrocephalus accompanied by c o r t i c a l  b lin d n ess  in  a fem ale in f a n t  
A.B. aged two months. She was adm itted  to  h o s p ita l  on th e  f i f t e e n th  
day o f  i l l n e s s .  The c h a r a c te r i s t i c  fe a tu re  o f  th e  case was th e  
p e r s is te n c e  o f  s ig n s  and symptoms in  the  p resence  o f  a normal 
c e reb ro sp in a l f lu id .  The f l u i d  was s t e r i l e  w ith in  fo r ty -e ig h t  
hours and was pronounced c ry s ta l  c le a r  two days l a t e r .  The a n te r io r  
fo n ta n e lle  was ten se  and bu lg ing  when th e  c h ild  was adm itted  to  
h o s p i ta l  and remained thus excep t fo r  a tem porary re la x a tio n  a f t e r  
lum bar punctu re  had been perform ed. Head r e t r a c t io n  p e r s i s te d  
th roughou t th e  course o f  the  i l l n e s s .  She was examined by Mr. 
M arsha ll, c o n su ltin g  o p h tha lm o log ist to  th e  h o s p i ta l ,  who re p o rte d  /
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rep o rted  as fo llo w s:-  P u p ils  re a c t  to lig h t*  d isc s  n o t choked. 
C o rtica l b lindness -  May recover.
The p a t ie n t  was discharged from h o sp ita l s ix  weeks a f te r  
admission. She was well nourished and a healthy-looking  in fa n t.
The case was re fe r re d  to the  o u t-p a tie n t  department o f the E<ye 
Infirm ary  fo r  observation . 
gye»
Four ch ild ren  showed p a ra ly s is  o f  th e  r ig h t  o r  l e f t  ex te rn a l 
re c tu s  muscle on admission to h o s p ita l. Nystagmus was p resen t in  
an a d u lt female p a t ie n t .  These com plications were o f a temporary 
n a tu re  and c lea red  up w ithin fo r ty -e ig h t hours a f t e r  treatm ent 
was commenced.
(b) Non-Meningococcal Complications.
Alimentary System.
In  two in fa n ts ,  one o f  whom (J.McP. aged e ig h t months) d ied , 
cereb rosp ina l fev e r was com plicated by a severe e n te r i t i s .  
In te rc u r re n t D isease.
A female A.L. aged one year developed paratyho id  fev e r fou r 
weeks a f te r  admission to h o s p ita l .  Recovery was uneventful*
Group I I  -  Sulphath iazo le .
( a) Meningococcal Com plications.
C entral Nervous System.
In te rn a l  Jfo-drocephalus. One p a t ie n t ,  A. C. an ad u lt female
aged s ix ty -fo u r  y ears, adm itted to h o sp ita l on th e  te n th  day o f
i l l n e s s ,  showed signs o f a p a r t ia l  block in  th e  v e n tr ic u la r  system.
Signs and symptoms p e rs is te d  fo r  fourteen  days and n o t u n t i l  th e  
n in th  day was the cerebrospinal f lu id  pronounced c le a r  and s t e r i l e .
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Convalescence was slow and was in te rru p te d  by bouts o f pyrex ia , 
sickness and vom iting, but the cerebrosp inal f lu id  remained normal.
She was drowsy and ap a th e tic  and a t  one period  th e re  was a 
temporary derangement o f the  mental f a c u lt ie s .  The p a tie n t  
subsequently made a good recovery and was discharged from h o sp ita l 
th re e  months a f t e r  admission.
Choreiform Convulsions.
Choreiform movements o f the lim bs developed in  a female p a t ie n t ,  
R.W. aged n ine teen  y ears , sh o rtly  a f te r  admission to h o sp ita l. She 
was adm itted to  h o sp ita l on th e  s ix th  day o f  i l l n e s s .  This case, 
which term inated  f a ta l ly  a few days l a t e r ,  w ill  be discussed 
more fu l ly  in  Chapter VII.
Mental Changes.
Two c h ild re n , M. G. a female aged f iv e  y ea rs , and A.B. a male 
aged seven y ea rs , who were apparen tly  normal before th e  onset o f  
cerebrosp inal fev e r, showed signs o f mental impairment during 
convalescence. Both were adm itted to h o sp ita l on the  second day 
o f i l ln e s s .  In  both in s ta n c e s  re so lu tio n  o f th e  in fe c tio n  was slow.
The p a t ie n t  A.B. ex h ib ited  nuchal r ig id i ty  and a p o s it iv e  
Kernig* s s igh  fo r  seven days. He took f i t s  o f  weeping and was very 
emotional but took no in te r e s t  in  h is  surroundings. Mr. Syme, 
consu lting  a u r i s t  to the h o s p ita l ,  and Mr. M arshall, examined t h i s  boy. 
His ears were declared  healthy  but i t  was thought th a t  th e re  was 
some impairment o f v is io n . I t  was considered adv isab le  to r e f e r  
A.B. to a neu ro log ica l c l in ic  where he might be k ep t under observation .
The p a t ie n t  M.G. was m entally  d u ll and unresponsive. She 
subsequently  made a good recovery.
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Eye.
B ila te ra l  s t r a t i  sinus w$s p resen t in  two p a tie n ts  on admission 
to  h o sp ita l. The condition in  both cases was temporary and c leared  
up soon a f te r  treatm ent was commenced.
Ear.
Acute p u ru le n t o t i t i s  media was p re se n t on admission in  a boy 
aged th re e  y ea rs . The condition  responded to  treatm ent w ith in  a 
week. In  two cases non-purulent o t i t i s  media developed during 
the course o f the  i l ln e s s ,
(b) Non-M eningo co ccal Compli ca tion  s.
R esp ira to ry  System.
B ro n ch itis  was diagnosed on admission in  two cases. In  both 
th e  com plication was m ild. In  one case, J .S .  male aged e ig h t months, 
death  was acce le ra ted  by the  presence o f  b i la te r a l  bronchopneumonia.
ft
Alimentary System.
The in fe c tio n  was com plicated by e n t e r i t i s  in  fo u r ch ild ren  and 
in  th re e  o f then the condition  was p re sen t on admission. All 
ch ild ren  were under one y ea r o f  age. One o f them, J .S . who d ied 
(v ide  supra), developed in  ad d itio n  a severe bronchopneumonia.
In te rc u r re n t D isease.
Two ch ild ren  developed chickenpox during th e  course o f  th e i r  
i l l n e s s .  Recovery was uneven tfu l.
E .S ., female aged n ine months, who succumbed to  cereb rosp ina l 
fev er w ithin  two days, had a widespread im petigo o f  th e  scalp  on 
admission to  h o sp ita l.
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Comment.
In  S e rie s  A two p a t ie n ts  developed in te rn a l  hydrocephalus. I t  
w ill  be noted th a t  these p a t ie n ts  were adm itted to h o sp ita l on the  
f i f te e n th  and te n th  day o f i l l n e s s  re sp e c tiv e ly . The len g th  o f  time 
which elapsed between th e  onset of symptoms and the  commencement 
o f  treatm ent suggests th a t  the  inflammatory changes in  the b ra in  
s u f f ic ie n t  to  produce mechanical o b s tru c tio n  to the c irc u la tio n  o f 
th e  cereb rosp ina l f lu id  were already e s ta b lish e d . Drug therapy was 
ab le  to  c le a r  up th e  m en ing itis  but could n o t be expected to make 
good the  ir re p a ra b le  damage done to th e  v e n tr ic u la r  system.
In  two p a t ie n ts  where cerebrosp inal fe v e r  was followed by some 
mental impairment, i t  w ill be observed th a t  th e  re so lu tio n  o f  the  
in fe c tio n  was slow judged both by c l in ic a l  and lab o ra to ry  f in d in g s .
In  s ix  in fa n ts  under one year o f age, the  in fe c tio n  was 
comrfLicated by e n te r i t i s .  One o f  th ese  cases, in  which th e re  was 
an ad d itio n a l pulmonary com plication, term inated f a ta l ly .
Complications o f th e  eye and ear were o f  minor im portance and 
unattended by any i l l  e f fe c ts .
S e rie s  B. (Januaiy to March 1941).
Group I I I  -  Sulphanil amide.
(a) Meningococcal Complications.
C entral Nervous System.
In te rn a l hydrocephalus. In  th re e  cases cerebrosp inal fe v e r was 
com plicated by in te rn a l  hydrocephalus. A ll term inated f a t a l ly .
These cases are  described in  d e ta i l  in  Chapter VII. I t  w ill  su ff ic e  
here to  mention b r ie f ly  th e  s a l ie n t  fe a tu re s  o f each.
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(1) D. S ., male aged four months, adm itted to h o sp ita l on th e  fo u rth  
day o f i l l n e s s .  A nterio r fo n ta n e lle  bulging. Primary pyrex ia  la s te d  
fo r  seven days. Signs and symptoms c lea red  up in  four days, w ith the  
exception o f  a bulging a n te r io r  fo n ta n e lle  which remained thus 
throughout th e  course o f th e  d isease . The cerebrosp inal f lu id  was 
d e a r  and s t e r i l e  n in e ty -s ix  hours a f te r  admission to h o sp ita l. 
Convalescence was slow and was in te r ru p te d  by s ickness and vomiting, 
r e s t le s s n e s s  and i r r i t a b i l i t y .  Death followed sudden onset o f  
convulsions. In te rn a l  hydrocephalus was found p o s t mortem.
(2) D .S., male aged seven months, adm itted to h o sp ita l on tw e lfth  
day o f i l l n e s s .  E n te r i t i s  and bronchopneumonia were p re sen t on admission. 
The a n te r io r  fo n ta n e lle  was no t bulging. Primary p y rex ia  la s te d  fo r  
seven days. Signs and symptoms had disappeared by th e  end o f the
s ix th  day. The cereb rosp ina l f lu id  was c le a r  and s t e r i l e  a t  the  end 
o f  n in e ty -s ix  hours. Convalescence was slow and ran a course s im ila r  
to Case I .  There was much sickness and vom iting, i r r i t a b i l i t y  and 
d is in c l in a t io n  fo r  food. Death took p lace  follow ing a second a ttack  
o f  e n t e r i t i s  and bronchopneumonia. In te rn a l  i^ydrocephalus was 
found p o st mortem.
( 3) J .G ., male aged f iv e  y ea rs , adm itted to  h o sp ita l on the  second 
day o f  i l ln e s s .  R esolution o f the in fe c tio n  was slow. Primary py rex ia  
la s te d  fo r  e ig h t days. Signs and symptoms p e rs is te d  fo r  ten days, when
the  cerebrosp inal f lu id  although s t e r i l e  was s t i l l  o pa lescen t. This 
boy subsequently made a good recovery and was discharged from h o sp ita l 
tw en ty -eigh t days a f te r  admission. He was readm itted  s ix  weeks l a t e r
w ith  a re lap se  o f the d isease . The cerebrosp inal f lu id ,  which was found 
to  be opalescen t but s t e r i l e ,  never became d e a r .  Death follow ed v io le n t
and continuous convulsive se iz u res  accompanied by extreme exhaustion
/
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exhaustion and rap id  em aciation. Interned, lydrocephalus was found 
p o s t mortem.
C ardiovascular System.
There was one in s tan ce  o f  e p is ta x is  in  a g i r l  o f  eleven 
y ears  on the second day a f te r  admission to h o sp ita l.
Eye-
In  f iv e  p a t ie n ts  strabism us was p re se n t on admission to  hospital. 
In  two the  condition was b i l a t e r a l .  In  one o f  the  th ree  u n i la te ra l  
cases the condition  became b i la te r a l  w ithin  tw enty-four hours o f 
admission.
Two p a t ie n ts  developed a non-purulent c o n ju n c tiv itis  which 
responded s a t i s f a c to r i ly  to  treatm en t.
M.E., a female aged eighteen y ea rs , developed p to s is  o f  the  
r ig h t  ey e lid  in  add ition  to  strabism us. She also  complained o f 
seeing double.
There was one in s tan ce  o f  in e q u a lity  o f the  p u p ils  noted in  an 
ad u lt female on th e  fo u rteen th  day a f t e r  admission to  h o sp ita l.
A ll com plications a f fe c tin g  the  eyes were ch a rac te r ised  by the 
r a p id ity  w ith which they cleared  up a f t e r  drug therapy was commenced. 
In  no in s ta n c e  was th e re  any re s id u a l damage to th e  eye, no r was 
v is io n  a ffec ted .
Ear.
Two p a tie n ts  complained o f  earache during th e  f i r s t  week o f the 
d isea se . Examination o f  the  ear drum revealed  no abnorm ality. In  
both  cases th e  condition responded to  lo c a l  trea tm en t.
An a d u lt female, M.E. (v ide sup ra), complained o f  d u lln ess  o f  
hearing  in  both ears on admission to  h o s p ita l .  With th e  favourable
p ro g ress  o f th e  in fe c tio n , hearing improved and had re tu rn ed  to normal
/
normal on the pa tien t*  s d ischarge from h o sp ita l.
J o in ts .
Four p a t ie n ts  developed a r t h r i t i s  involv ing  the  jo in ts  o f 
th e  upper o r low er lim bs. In  two, where th e  elbow jo in t  and the  
knee jo in t  re sp ec tiv e ly  were a ffe c te d , th e re  was an accompanying 
e ffu s io n . A spiration  was no t performed. In  a l l  cases th e  
cond ition  was o f sho rt dura tion , responding favourably to d a ily  
ap p lic a tio n s  o f Scott* s d ressing .
F ac ia l P a ra ly s is .
Reference has a lready  been made to the p a t ie n t  M.E. aged 
eighteen  y ea rs , in  whom cerebrosp inal fev e r was com plicated by 
a f fe c tio n s  o f  th e  eye and ear. This g i r l  in  ad d itio n  to 
b i l a t e r a l  strabism us, p to s is  o f the  r ig h t  ey e lid , d ip lo p ia  and 
b i l a t e r a l  deafness, was found to  have a w ell marked r ig h t  fa c ia l  
p a ra ly s is  when examined on admission to  h o sp ita l. U nlike her 
o th e r  com plications, th e  fa c ia l  p a ra ly s is  took a long  time to 
d e a r  up and was s t i l l  p re sen t when she was dism issed from 
h o sp ita l th ree  weeks l a t e r .  When she re tu rned  to h o sp ita l fo r  
re-exam ination e ig h t weeks a f te r  h er d ism issa l the  condition  was 
s t i l l  p resen t although p ra c t ic a l ly  unno ticeab le .
The production o f  nerve deafness in  cerebrosp inal fev e r i s  
a t t r ib u te d  to  p u ru len t exudate which extends along th e  p ia -  
arachnoid sheath o f the aud ito ry  nerve in to  th e  ex te rn a l aud ito ry  
canal, re su ltin g  in  both the seventh and eigh th  nerves becoming 
embedded in  pus. This accounts a lso  fo r  the  a sso c ia te d  fa c ia l
p a ra ly s is  (W orster-Drought and Kennedy). I t  i s  a lso  explained by 
th e se  authors th a t  the  r e la t iv e  r a r i t y  o f  marked f a c ia l  p a ra ly s is  
accompanying deafness i s  a t t r ib u te d  to  th e  f a c t  th a t  th e  trunk o f  /
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trunk o f th e  seventh nerve in  c o n tra s t to th a t  o f  th e  eighth  
nerve forms a compact bundle o f nerve f ib re s  which does no t allow 
th e  p en e tra tio n  o f p u ru le n t exudate in to  i t s  substance. The case 
described  dem onstrates no t only deafness and f a c ia l  p a ra ly s is ,  but 
suggests a s im ila r  involvement in  the  p u ru len t exudate o f  the  th ird  
and s ix th  nerves.
(b) Non-Meningococcal Complications.
R esp ira to ry  System.
In  e igh t p a t ie n ts ,  cerebrosp inal fev e r was com plicated by the 
occurrence o f  bronchopneumonia. Of the  fou r p a t ie n ts  in  whom th i s  
com plication was p re se n t on admission, two died. In  the  remaining 
fo u r, pulmonary involvement preceded a f a ta l  is su e  by fo r ty -e ig h t 
hours. Of th e  e ig h t p a t ie n ts ,  f iv e  were under f iv e  years o f  age.
One c h ild  p resen ted  signs o f chronic b ro n c h itis  on admission to 
h o s p ita l .  Her recovery was in  no way a ffec ted  by her chest 
cond ition .
Alimentary System.
Three in fa n ts ,  the  o ld e s t one y ear o f age, developed e n te r i t i s .  
In  two the  condition  was p re sen t on admission to h o sp ita l . Two o f  
th ese  p a t ie n ts ,  D.S. aged four months and D.S. aged seven months, 
have already been re fe r re d  to  in  th i s  group as having succumbed 
follow ing the occurrence o f in te rn a l  hydrocephalus.
Infcercurrent D isease.
Two in fa n ts  developed whooping cough during convalescence.
In  a th i rd  p a t ie n t ,  s tay  in  h o sp ita l was prolonged due to  h is  
c o n trac tin g  mumps.
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Group IV -  Sulphanil amide p lus Meningococcus A ntitoxin .
(a) Meningococcal Com plications.
C entral Nervous System.
In te rn a l  hydrocephalus. In  two cases cerebrospinal fev e r was 
com plicated by in te rn a l  hydrocephalus.
(1) T .H ., male aged f iv e  months, was adm itted to h o sp ita l on 
f i f t h  day o f i l l n e s s .  The development o f  in te rn a l  hydrocephalus 
was no t unforeseen. The re so lu tio n  o f  th e  m en ing itis  was 
s u f f ic ie n t ly  alow to  give cause fo r  anx ie ty . Primary py rex ia  
la s te d  fo r  e ig h t days but convalescence was in te rru p te d  by frequent 
temporary e lev a tio n s  o f  tem perature, never h igher than 99° F.
Signs and symptoms d id  no t d e a r  up t i l l  the  seventh day o f 
trea tm en t. The a n te r io r  fo n ta n e lle  remained tense  and bulging.
The record  o f  the  cerebrosp inal fin d in g s  was an in d ic a tio n  o f 
delayed re so lu tio n . The f lu id  was tu rb id  and heav ily  in fe c te d  w ith 
meningococci when th e  p a t ie n t  was adm itted to h o s p ita l .  Routine 
lumbar puncture performed a t  48-hourly in te rv a ls  th e re a f te r  revealed  
meningococci in  th e  f lu id  as l a t e  as the  seventh day o f treatm ent. 
The f lu id  was pronounced d e a r  and s t e r i l e  by th e  morning o f the  
n in th  day. The p a t ie n t  was lumbar punctured a t  th e  end o f  th e  th i rd  
week w ith the  follow ing r e s u l t : -  F lu id  under normal p ressu re  and 
c iy s ta l  d e a r ;  c e l l  count -  th ree  c d l s  (lymphocytes) p e r cub.mm. ; 
p ro te in  content normal.
The a n te r io r  fo n ta n e lle  remained tense  and bulging throughout 
th e  course o f the i l ln e s s  and on sev era l occasions reached such
p ro p o rtio n s  as to  resemble a caput succedaneum. I t  was noted th a t ,  
a f t e r  each lumbar puncture when an average o f  30 c. c. f lu id  were /
were withdrawn, the  fo n ta n e lle  became relaxed  and s o f t .  This, 
however, was purely  a temporary s ta te  and did n o t l a s t  fo r  more 
than fo r ty -e ig h t hours. The p a t ie n t  was eventually  dism issed 
th ir ty -se v e n  days a f te r  h is  admission to h o sp ita l. The fo n ta n e lle  
was s t i l l  tense , bu t bulging was no t so marked. The ch ild  was 
subsequently seen by Mr. M arshall a t  th e  E^e Infirm ary  who 
pronounced th a t  v is io n  was p ra c t ic a l ly  gone. When l a s t  seen by 
me (May ~^L3ty 1941) th e  p a t ie n t  was w ell nourished, tak ing  h is  
feeds re g u la rly , and in  ex ce llen t h e a lth . The a n te r io r  fo n ta n e lle  
was s l ig h tly  convex but much le s s  ten se , which in d ic a te d  th a t  
normal re s to ra tio n  o f the  c irc u la tio n  o f  th e  cerebrosp inal f lu id  
was tak ing  place* The ch ild  was s t i l l  b lin d  so he was re fe rre d  
to  the  IJye In firm ary  fo r  fa r th e r  observation .
(2) M.B., female aged tw en ty -five  y ea rs , adm itted to h o sp ita l 
on th i rd  day o f i l l n e s s .  This case, which term inated f a ta l ly ,  w ill 
be d iscussed  in  more d e ta i l  in  Chapter VII. I t  w ill  su ff ic e  here 
to  describe  b r ie f ly  the  c l in ic a l  course o f  the  d isease  w ith sp ec ia l 
re fe ren ce  to those signs and symptoms which would now seen to  be 
commonly asso cia ted  w ith  mechanical o b s tru c tio n  to the  flow o f 
cerebrosp inal f lu id .  The tesponse to therapy was n o t s a tis fa c to ry . 
R esolution was ominously delayed during the  i n i t i a l  s tages o f the 
in fe c tio n . The tem perature did  n o t s e t t l e  fo r  more than twenty-
fo u r hours throughout the course o f th e  i l l n e s s .  Coma which
continued fo r  th ree  days a f te r  admission was follow ed by mental
d e te r io ra tio n . On the  f i f t h  day o f treatm en t she complained o f
double v is io n . Nuchal r ig id i ty  and p o s it iv e  K eraig*s sign p e rs is te d  
fo r  th re e  weeks and disappeared only when the p a t ie n t  had lap sed  /
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lap sed  in to  deep coma. Lumbar puncture on admission revealed  a 
tu rb id  f lu id  contain ing  abundant in t r a -  and e x tre -c e l lu la r  
meningococci. S im ilar fin d in g s  were recorded in  subsequent 
specimens o f f lu id  as l a t e  as the fo u rte en th  day o f in te n s iv e  drug 
therapy. Not u n t i l  the th i rd  week was the  cerebrospinal f lu id  
pronounced s t e r i l e ;  i t  never became d e a r .  Sickness and vomiting, 
o f  frequen t occurrence in  the second week, in creased  in  sev erity  
towards th e  end o f the i l l n e s s .  During th e  l a s t  fou r days th e re  
was p re se n t a p e r s is te n t  and d is tre s s in g  hiccough. A w ell es tab lish ed  
and advanced hydrocephalus was found p o s t mortem.
A taxia.
M.McL., female aged twenty-two y e a rs , developed an a ta x ic  g a i t  
during th e  course o f her i l l n e s s .  She was s t i l l  walking u n s tea d ily  
when dism issed from h o sp ita l th i r ty - s ix  days a f te r  admission.
A study o f  th i s  case in  conjunction w ith  o th ers  a lready  described
seems to in d ic a te  th a t  com plications a f fe c tin g  the  c e n tra l nervous
system are  prone to  occur where re so lu tio n  o f th e  m en ing itis  i s  slow.
The p a t ie n t  was adm itted on the  second day o f i l l n e s s .  Primary
pyrex ia  la s te d  fo r  four days bu t was follow ed by a secondary r i s e
o f  tem perature f iv e  days l a t e r .  This secondaiy pyrex ia  continued fo r
a period  o f ten  days. The p a t ie n t  was in  coma during the  f i r s t  four
days o f  her i l ln e s s .  Nuchal r ig id i ty  p e rs is te d  fo r  s ix  dstys while a
p o s it iv e  Kernig1 s sign was e l i c i t e d  up to th e  ten th  day o f trea tm en t.
The cerebrosp inal f lu id  examined on admission was found to  be th ick
and tu rb id , and heavily  in fe c te d  w ith meningococci. S im ilar fin d in g s
were recorded a f te r  n in e ty -s ix  hours* drug therapy. Lumbar puncture 
performed on the seventh and ten th  days revealed  an am ber-coloured /
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am ber-coloured f lu id ,  found to be s t e r i l e  tooth in  the d ire c t  film  
and on c u ltu re . I t  was feared  th a t  th e  d isease  was becoming 
chronic. On the te n th  day a f te r  the  p a tie n t* s  admission to 
h o sp ita l, she was seized  w ith a v io le n t convulsive f i t  which 
coincided w ith the beginning o f secondary pyrex ia  mentioned above.
The f i t  was followed sh o rtly  afterw ards by a second, more v io le n t 
than the  f i r s t ,  in  which the  lim bs were involved in  severe 
convulsive tw itch ings. The tendon re f le x e s  o f th e  upper lim bs 
were markedly in creased , as were also  the  knee and ankle jerfcs.
Ankle clonus was e l ic i te d .  The p la n ta r  response was doubtfu l.
The convulsions were o f sh o rt d u ra tio n , both a ttack s  being lim ite d  
to  no more than a few m inutes. Four deys l a t e r  the  p a t ie n t  
complained o f  deafness in  th e  l e f t  ear.
In  the  circum stances i t  was reasonable to  suppose th a t  the  
p rognosis in  th is  case would be poor. N evertheless the  p a t ie n t  
appeared to  make a good recoveiy follow ing the  convulsive se iz u re s . 
Lumbar puncture was performed on the tw enty-eigh th  day a f te r  
admission to h o sp ita l. The cerebrosp inal f lu id  was found to  be 
c ry s ta l  c le a r , under normal p re ssu re , and o f normal p ro te in  con ten t; 
c e l l  count -  four c e l ls  (lymphocytes) p e r cub.mm. She s t i l l  
complained o f deafness in  th e  l e f t  ear.
A taxia was noted when th e  p a t ie n t  was f i r s t  allowed up. For
the  f i r s t  two days she was unable to walk u n a ss is te d . That the
muscular incoo rd ina tion  was no t due to her long perio d  o f  recumbancy
was shown by the f a c t  th a t  a f t e r  four days she was unable to  walk
along a s tr a ig h t  l in e .  She ex h ib ited  a  p o s it iv e  Romberg's sign .
G ait a t  f i r s t  tended to be re e lin g , to coun terac t which th e  p a t ie n t  /
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p a t ie n t  walked on a "broad b ase ."  Improvement, however, g radually  
took p lace  and w ith in  seven days she was ab le  to walk about the  
ward w ithout showing th e  marked tendency to f a l l ,  which ch a rac te rised  
h e r e a r l i e r  a ttem pts. On d ism issa l from h o sp ita l t h i r ty - s ix  days 
a f t e r  her admission she s t i l l  showed a s l ig h t  tendency to  s tag g e r, 
a re s id u a l d i s a b i l i ty  which was s t i l l  p resen t when th e  p a tie n t 
re tu rn ed  to h o sp ita l fo r re-exam ination s ix  weeks l a t e r .
Eve.
In  s ix  p a t ie n ts ,  cereb rosp inal fever was complicated by 
strab ism us. In  f iv e  the  condition  was p resen t on admission to  
h o s p ita l .  The one p a t ie n t  who developed strabism us during th e  course 
o f  th e  i l l n e s s  a lso  complained o f seeing double. Three p a t ie n ts  
co n trac ted  c o n ju n c tiv it is .  In  one in s ta n c e  the  in fe c tio n  was 
accompanied by p u ru len t d ischarge. In  one o f  the  remaining two 
non-puru len t in fe c tio n s  th e re  was a c o -e x is tin g  b le p h a r i t is .
A ll com plications a f fe c tin g  the  eyes c leared  up rap id ly  
under trea tm en t. There was no re s id u a l damage to  the  eye, nor 
was v is io n  a ffec ted .
Ear.
J .D . , female aged seven y ea rs , adm itted to h o sp ita l on th e  
f i f t h  day o f i l l n e s s ,  developed deafness in  both ea rs  th re e  days 
a f t e r  admission to h o sp ita l. Hearing improved w ith the favourable 
p rog ress  o f  the in fe c tio n  but th e re  was s t i l l  some re s id u a l deafness 
when th e  p a t ie n t  was dism issed from h o sp ita l a t  th e  end o f four weeks. 
Mr. Syme who examined th i s  p a t ie n t ,  confirmed the  d iagnosis  o f
b i l a t e r a l  nerve deafness. While he thought th a t  fu r th e r  improvement 
might be expected, he d id  n o t a n tic ip a te  complete fu n c tio n a l recovery.
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The case o f  M.McL., female aged twenty-two years  has already 
been described  (v ide supra) in  connection w ith convulsions and 
a ta x ia  fo llow ing cerebrosp inal fev er. In  ad d itio n , the p a tie n t 
complained o f deafness in  her l e f t  ea r follow ing recovery from 
convulsions. She was seen on several occasions by Mr. Syme who 
confirmed the d iagnosis o f  u n i la te ra l  nerve deafness. There was 
l i t t l e  improvement when th e  p a t ie n t  was dism issed from h o sp ita l 
t h i r t y - s ix  days a f te r  her admission. Hearing had improved s l ig h tly  
when the p a t ie n t  was seen s ix  weeks l a t e r .  The case was re fe r re d  
to  th e  Ear, Hose and Throat H ospital fo r  fu r th e r  observation .
J o in ts .
Three p a t ie n ts  su ffe red  from a r t h r i t i s  invo lv ing  th e  jo in t s  
o f  the  upper o r low er lim bs. In  no case was th e re  an apparent 
e ffu sio n  in to  the  jo in t s  a ffe c te d . In  a l l  cases the  condition  
responded rap id ly  to  lo c a l  treatm ent.
F ac ia l P a ra ly s is .
t l )  M.V., female aged s ix teen  y ea rs , adm itted to  h o sp ita l on 
th e  fo u rth  day o f  i l l n e s s ,  developed a r ig h t  f a c ia l  p a ra ly s is  
fourteen  days l a t e r .  There was no apparent explanation  why th i s  
com plication u su a lly  ascribed  to  the  presence o f sn inflammatory 
exudate, should occur a t  such a l a t e  s tage  when th e  p a t ie n t  was 
convalescing from her i l l n e s s .  A study o f  her case record  shows 
th a t  progress was on the  whole s a tis fa c to ry , although th e  
p e rs is te n c e  o f  nuchal r ig id i ty  and a p o s it iv e  K em igf s sign u n t i l  
th e  seventh day o f  treatm ent m ight be regarded as evidence o f  a
slow response to  therapy. The cereb rosp ina l f lu id ,  however, was 
c le a r  and s t e r i l e  a t  the end o f  n in e ty -s ix  hours.
There was evidence o f a s l ig h t  f a c ia l  p a ra ly s is  when the 
p a t ie n t  was dism issed from h o sp ita l a t  th e  end o f  th re e  weeks, 
but the  condition  had c leared  up completely when th e  p a t ie n t  
re tu rn ed  fo r  re-exam ination one month l a t e r .
(2) C.R., female aged th i r ty  y e a rs , adm itted to  h o sp ita l on 
th e  f i f t h  day o f  i l l n e s s ,  developed a l e f t  f a c ia l  p a ra ly s is  two 
days l a t e r .  The condition  was p re sen t fo r  several days but by 
th e  end o f  the  f i r s t  week in  h o sp ita l had completely disappeared.
pharyngeal P a ra ly s is .
H.C., female aged f iv e  y ea rs , adm itted to h o sp ita l on the  
fo u rth  day o f i l l n e s s ,  developed pharyngeal p a ra ly s is .  The ch ild  
was acu te ly  i l l  and d e lir io u s  on admission to h o sp ita l and 
ex h ib ited  marked nuchal r ig id i ty ,  head re tra c t io n ,  p o s itiv e  K em igf s 
s ign , end op istho tonus. E ight days elapsed before th ese  signs 
had e n tire ly  d isappeared . The cerebrosp inal f lu id  was d e a r  and 
s t e r i l e  a t  th e  end o f  n in e ty -s ix  hours. A tten tion  was f i r s t  drawn 
to  th e  condition o f  the  pharynx on th e  morning o f  th e  s ix th  day o f  
trea tm en t when i t  was n o ticed  th a t  the  p a t ie n t  was unable to swallow, 
All attem pts to take  food o r drink were followed by vidLent f i t s  
o f  coughing and re tch in g . Spasmodic tw itch ing  o f  th e  f a c ia l  
m u sd es on the l ig h t  s ide  was also  observed. Since op istho tonus 
had by th i s  time passed o f f ,  thus e lim in a tin g  any mechanical 
o b s tru c tio n  to  swallowing, i t  was conduded th a t  a phaiyngeal 
p a ra ly s is  had developed. There was no p a la ta l  p a ra ly s is .  The 
cond ition  la s te d  fo r  e ig h t days, during  which tim e food and drugs 
were adm inistered by n asa l c a th e te r . The tw itch ing  o f  th e  fa c ia l  
m usdes ceased fo r ty -e ig h t hours a f t e r  i t s  o n se t. Recoveiy from /
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from pharyngeal p a ra ly s is  was followed by a harsh  dry cough, 
which remained fo r  some weeks. There was also  a change in  the  
c h a rac te r  o f  th e  vo ice. U n til some few days p r io r  to  her d ism issal 
a t  the  end o f  f iv e  weeks the  p a t ie n t  was q u ite  hoarse.
( b) Mon-Meningo cocoal Compli ca tio n s .
In  two in fa n ts ,  aged n in e  months and two years  re sp ec tiv e ly , 
bronchopneumonia was p resen t on admission to h o sp ita l. Three 
p a t ie n ts  developed bronchopneumonia during th e  course o f  the  
in fe c t io n ;  in  two o f  these the  lung in fe c tio n  was a term inal 
phenomenon occu rring  p r io r  to  death . Of the  f iv e  p a t ie n ts  in  
whom pulmonary com plications were m an ifest, the  youngest was aged 
n in e  months, th e  o ld e s t  s ix  y ea rs .
Three in fa n ts  a l l  under one y ear developed e n t e r i t i s .  In  
two the condition was p re se n t on admission to h o s p ita l .  All 
recovered from cereb rosp ina l fev e r.
In te rc u r re n t D isease.
In  the  p a t ie n t  T.N ., male aged th ree  y ea rs , blood c u ltu re  on 
admission to h o sp ita l revealed a heavy in fe c tio n  w ith  s trep to co cc i. 
F u rth e r in v e s tig a tio n  showed th a t  th e  organisms produced green- 
coloured co lonies on blood agar. The organisms were non-haemoly t i  e 
and did n o t ferm ent in u lin .  These r e s u l t s  le d  one to  b e liev e  th a t  
th e  p a t ie n t1 s blood was in fe c te d  w ith the strep tococcus v ir id a n s .
There was no c l in ic a l  evidence o f en d o ca rd itis . Repeated blood 
c u ltu re s  proved negative . The p a t ie n t  made a good recovery from 
cereb rosp ina l fev e r.
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The p a t ie n t  E . I . ,  female aged ten  y ears, was a Mongolian 
id io t .  She p resen ted  numerous congenita l defo rm ities. Both hands 
were g ro ssly  deformed. The f in g e rs  were rep resen ted  by the  ou t­
growth o f  fused stumps upon which f in g e r  n a i l s  had grown. The 
f e e t  were deformed and the  to es  were fused to g e th e r. She had a 
double row o f upper te e th . She had in  ad d itio n  a b i l a te r a l  
s trab ism us and p to s is  o f  the r ig h t  ey e lid .
Such ch ild ren  a re  considered to  have l i t t l e  chance o f recovery 
in  th e  face  o f acu te  in fe c tio n . N evertheless th i s  g i r l  showed a 
good response to therapy . Signs and symptoms had c leared  up by 
th e  end o f s ix  days. The cerebrosp inal f lu id  was d e a r  and s t e r i l e  
a t  th e  end o f  n in e ty -s ix  hours* trea tm en t. The p a t ie n t  was dism issed 
cured o f cereb rosp ina l fev er a t  th e  end o f  n ine teen  days* s tay  in  
h o s p ita l .
Comment.
In  S erie s  B, cereb rosp ina l fev er was complicated in  f iv e  p a t ie n ts  
by in te rn a l  hydrocephalus. Of th e  f iv e  cases, fo u r term inated 
f a t a l ly .  Three o f th e  p a t ie n ts  were in fa n ts  under s ix  months, one 
a boy o f f iv e  y ea rs , and one an a d u lt aged tw en ty -five  y ears.
The average number o f  days i l l  p r io r  to  admission to  h o sp ita l was 
5 .2  days. The p a t ie n t  J .G .,  aged fifce y ears  (Group I I I )  who made 
a good recovery from the  in fe c t io n , was d ischarged well but was re ­
adm itted to  h o sp ita l s ix  weeks l a t e r  w ith  a re lap se .
I t  ? iill he observed th a t  only in  one case (D.S., aged seven
months) was th e re  a prolonged period  o f  tw elve days between the
onse t o f  symptoms and the  commencement o f  trea tm en t. I f  t h i s  
case i s  excluded, th e  average number o f  days o f  i l l n e s s  on
/
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on admission to  h o sp ita l becomes 3*5 days. I t  i s  d e a r  th ere fo re  
th a t  hydrocephalus as a  com plication o f  cerebrosp inal fev e r cannot 
be ascrib ed  so le ly  to a delay in  th e  in s t i tu t io n  o f  therapy.
A study o f th e  cases recorded in  th i s  s e r ie s  p o in ts  to a second 
equally  im portant f a c to r ,  v iz . ,  the  degree o f  response to therapy.
I t  has been shown th a t  where th e  du ra tion  o f  signs and symptoms 
i s  prolonged, and e sp e c ia lly  where th e  cerebrosp inal f lu id  find ings 
in d ic a te  a slow re so lu tio n  o f the  m en in g itis , in te rn a l  hydrocephalus 
i s  prone to occur. I t  i s  obviously e s s e n tia l  th a t  i f  th e  
development o f  chronic inflammatory changes both on the  b ra in  
su rface  and in  the v e n tr ic u la r  system, i s  to  be prevented, th e  
b ra in  and stpinal cord must be c leared  o f  p u ru len t exudate w ith a l l  
speed. I f  th e re fo re  i t  i s  apparent th a t  th e  p a r t ic u la r  drug 
employed i s  n o t achieving  the  d esired  r e s u l t s ,  then another 
sulphonamide should be s u b s titu te d  fo rth w ith . I f  th i s  procedure 
had been adopted, th e re  i s  good reason to  b e liev e  th a t  in  th re e  
a t  l e a s t  o f  the  f iv e  cases quoted, th e  development o f in te rn a l  
hydrocephalus might have been prevented.
What has been sa id  w ith  regard  to  th e  p revention  o f  in te rn a l  
hydrocephalus ap p lie s  equally  well to  o th e r  nervous com plications 
met w ith , such as m ental d e te r io ra tio n  and a ta x ia . These 
com plications have been shown to follow  slow re so lu tio n  o f  th e  
in fe c t io n .
Two p a tie n ts  in  t h i s  s e r ie s  who recovered from cereb rosp ina l 
fe v e r  su ffe red  permanent nerve deafness. O ther com plications 
a f fe c t in g  th e  ea r c lea red  up s a t i s f a c to r i ly .
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Complications a ffe c tin g  the  eye, such as p to s is  o f  the  ey e lid , 
strab ism us, c o n ju n c tiv it is  and b le p h a r i t is ,  c leared  up s a t i s f a c to r i ly  
and were no t a ttended  by d is a b i l i ty .
A r th r i t i s  which developed in  seven p a tie n ts  responded well 
to  lo c a l  trea tm en t. In  the two in s ta n c e s  where th e re  was an 
e ffu sio n  in to  th e  r ig h t  elbow jo in t  and l e f t  knee j o in t  re sp ec tiv e ly , 
a s p ira tio n  was n o t performed. I t  may be o f  i n te r e s t  to  record here 
a  case o f  cerebrosp inal fever in  a male ch ild  aged one year, 
adm itted  to R uchill H ospital sh o rtly  a f te r  th e  p re sen t in v e s tig a tio n  
was closed. The in fa n t  developed a sw elling o f  the  l e f t  knee jo in t  
during  the  fo u rth  week o f i l ln e s s .  A sp iration  o f  th e  jo in t  revealed  
a small amount o f pus which on c u ltu re  produced a pure growth o f  
meningococci.
Where f a c ia l  p a ra ly s is  com plicated the  d isease  in  th re e  cases, 
in  a l l  t u t  one the  condition  had com pletely disappeared when the  
p a t ie n ts  were dism issed from h o sp ita l . Although recovery in  the 
rem aining case was slow, th e re  was every reason to  b e liev e  th a t  a 
permanent cure would r e s u l t .  Treatment o f th e  case was complicated 
in  one p a t ie n t  by the  development o f  phaiyngeal p a ra ly s is .  Recovery 
was slow b i t  complete.
Of th e  non-meningoeoccal com plications, bronchopneumonia was 
prominent and o f  g re a te r  incidence than in  the  p rev ious S erie s  A. 
T hirteen  p a tie n ts  developed pulmonary com plications in  th e  form o f  
bronchopneumonia. Of th ese , e ig h t were under f iv e  y ea rs  o f  age.
In  e ig h t cases th e  in fe c tio n  term inated  f a ta l ly .
In  s ix  in fa n ts  a l l  under one y ea r, cereb rosp inal fev e r was 
com plicated by e n te r i t i s .  In  two cases which term inated  f a ta l ly
d ea th  was due to  in te rn a l  hydrocephalus.
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S e r ies C. (A pril to  October  1941).
Group V -  Sulp h ap y ri din s .
(a) Meningococcal Complications.
C entral Nervous System.
I n te r n a l hydrocephalus. In  two in fa n ts  cerebrosp inal fev e r 
was com plicated by in te rn a l  hydrocephalus. In  the second case 
which term inated f a ta l ly ,  the condition  was p resen t on admission 
to  h o sp ita l.
(1) A.R., female aged th re e  weeks, was adm itted to h o sp ita l 
on th e  second day o f i l l n e s s .  The on se t o f the  in fe c tio n  was 
ch a rac te rised  by repeated  convulsions. Signs and symptoms were 
few. A c l in ic a l  d iagnosis  o f  cerebrosp inal fever was made on a 
bulging a n te r io r  fo n t an e l l  e and some s l ig h t  nuchal r ig id i ty .  Lumbar 
puncture revealed a tu rb id  f lu id  under p re ssu re , con tain ing  scanty 
in t r a c e l lu la r  meningococci. Within two days the tem perature had 
s e t t le d  and nuchal r ig id i ty  had disappeared. The a n te r io r  fo n t an e l l  e 
remained bulging. Although the  cerebrosp inal f lu id  was s t e r i l e  a t  
th e  end o f fo r ty -e ig h t hours* trea tm en t, i t  was n o t pronounced 
c le a r  u n t i l  the  seventh day a f te r  the  p a tien t*  s admission to  
h o sp ita l. The a n te r io r  fo n tsn e lle  was ten se  and bulging throughout 
th e  course o f the i l l n e s s ,  becoming tem porarily  re laxed  a f t e r  each 
lumbar puncture performed fo r  the r e l i e f  o f  the  p re ssu re . With 
th e  development o f  em aciation and a lig h t head re tra c t io n ,  a p o s t-  
b as ic  m en ing itis  was suspected b i t  the  condition  d id  n o t p rog ress.
The ch ild  subsequently p u t on weight and head r e tra c t io n  disappeared.
Three weeks a f te r  the pa tien t*  s admission to h o sp ita l i t  was 
n o tic e d  th a t  her eyes were fix ed  and s ta r in g . V ision was thought to  /
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to  be a ffe c te d , Mr, M arshall examined th e  eyes end pronounced the 
ch ild  p r a c t ic a l ly  b lin d . The p a t ie n t  remained in  h o sp ita l fo r  a 
p erio d  o f  four and a h a lf  months. H o sp ita lisa tio n  was prolonged 
owing to the n ecess ity  o f  perform ing repea ted  lumbar punctures to 
re l ie v e  p ressu re . The child* s head had become v is ib ly  enlarged, 
accompanied by widening o f the c ran ia l su tu res  and fo n ta n e lle s .
In  a l l ,  t h i r t y  lumbar punctures were performed and an average o f  
20 c. c. o f  cereb rosp ina l f lu id  removed a t  each opera tio n . I t  was 
considered in ad v isab le  to  send the p a t ie n t  home. Although dim inution 
in  th e  s iz e  o f the a n te r io r  fo n te n e lle  subsequently took p lace , 
th e re  was no guarantee th a t  fu r th e r  lumbar punctures would no t be 
necessary  fo r  the  r e l i e f  o f  p ressu re . Accordingly, th e  p a t ie n t  was 
tra n s fe r re d  to S to b h ill H osp ital. When l a s t  seen, she was in  good 
h e a lth  and well nourished. She was s t i l l  b lind  and was su ffe rin g  
from hydrocephalus.
(2) M.W., female aged one y ea r, was adm itted to h o sp ita l on th e  
te n th  day o f  i l l n e s s .  The in fe c tio n  term inated f a t a l ly  e ig h t days 
l a t e r .  The case i s  d iscussed  in  d e ta i l  in  Chapter VII. One need 
only p o in t ou t here c e r ta in  s ig n if ic a n t features*  In  view o f the  
le n g th  o f time which elapsed between th e  onse t o f  in fe c tio n  and 
the  commencement o f trea tm en t, p rognosis was regarded as poor.
The p ro b a b ility  o f  in te rn a l  hydrocephalus was n o t unforeseen . I t  
soon became obvious th a t  the condition  was n o t responding to  
sulphapyiidine$ signs and symptoms in c lu d in g  a ten se  and bulging 
a n te r io r  fo n te n e lle  p e rs is te d  u n t i l  the  day o f  death . A study o f
th e  cerebrosp inal f lu id  fin d in g s  shows th a t  a specimen o f  f lu id  taken 
tw enty-four hotirs p r io r  to  death was tu rb id  and j u s t  as heav ily  /
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heav ily  in fe c te d  with meningococci as th a t  examined on the  
pa tien t*  s admission to  h o sp ita l one week previously* Mr*
Marshall* s re p o rt on the  ophthalmoscopic examination, in  which 
he noted an absence o f percep tion  o f  l i g h t ,  pointed  to  a long 
stand ing  in fe c tio n  and supported th e  c l in ic a l  d iagnosis o f 
in te rn a l  hydrocephalus* Death was preceded by convulsions and 
muscular tw itchings* P ost mortem examination confirmed the 
ex isten ce  o f  a block in  the v e n tr ic u la r  system*
Ataxia*
There were two cases o f  a tax ia  in  children* Both cases 
i l l u s t r a t e  again th e  c o rre la tio n  between th e  m an ife sta tio n s  o f 
ce reb ra l damage and slow re so lu tio n  o f th e  in fe c tio n .
(1) M.S., female aged th ree  y ea rs , was adm itted to h o sp ita l
on the  f i f t h  day o f  i l l n e s s .  Primary py rex ia  la s te d  fo r  e ig h t
days. Signs and symptoms did no t com pletely d isappear u n t i l  the
e igh th  day o f  trea tm en t. Although the cerebrosp inal f lu id  became
s t e r i l e  w ithin fo r ty -e ig h t hours o f adm ission, i t  was n o t
pronounced c le a r  u n t i l  the  seventh day o f trea tm en t. An examination
o f  the  p ro te in  content o f  the  cerebrosp inal f lu id  in v e s tig a te d  a t
48-hourly in te rv a ls  showed an i n i t i a l  reading  o f 260 mgm. p e r
100 c. c. w ith a gradual d ec lin e  to 100 mgm. a t  th e  end o f  seven
days* Convalescence was marked by i r r i t a b i l i t y  and f i t s  o f  temper.
This passed o f f ,  to be followed by a p e rio d  o f apathy and le th a rg y ,
during which time doubts were e n te r ta in e d  reg ard in g  th e  child* s
m ental s ta b i l i ty .  P to s is  o f  the l e f t  ey e lid  developed seventeen
days a f te r  admission and la s te d  fo r  one week. At the  end o f th ree  
weeks the  cerebrospinal f lu id  was pronounced d e a r ,  but the
/
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the  occurrence o f c o n ju n c tiv it is  and o t i t i s  media confined the 
p a t ie n t  to  bed fo r  another two weeks. When he was subsequently 
allowed to g e t up a marieed a ta x ic  g a i t  was noted. For a period  
o f  ten  days, he was unable to  walk w ithout staggering  and on 
several occasions f e l l  to the  ground. Recovery was slow and th e  
condition  had n o t e n tire ly  cleared  up when the  ch ild  was dism issed 
from h o sp ita l a t  the  end o f n ine weeks. There was s t i l l  a tendency 
to  r e e l  and stagger. His mental s ta te  was apparently  nonnal.
(2) P.M., male aged th re e  y e a rs , was adm itted to  h o sp ita l on 
th e  te n th  day o f i l ln e s s .  Piim aiy p y rex ia  la s te d  fo r  s ix  days. 
Signs o f meningeal i r r i t a t i o n  were p a r t ic u la r ly  severe and 
in c reased  in  se v e rity  during the f i r s t  th re e  days o f  trea tm en t, 
culm inating in  marked op istho tonus. In te rn a l hydrocephalus was 
suspected, ALL signs and symptoms, however, had completely d is ­
appeared by the  end o f s ix  days. Lumbar puncture on admission 
produced a th ick  and tu rb id  f lu id  con tain ing  abundant in t r a -  and 
e x tr a c e l lu la r  meningococci. The f lu id  was s t i l l  tu rb id  and 
h eav ily  in fe c te d  a f te r  fo r ty -e ig h t hours but was pronounced s t e r i l e  
a t  th e  end o f  n in e ty -s ix  hours1 trea tm en t; i t  d id  n o t become 
c le a r  u n t i l  the  seventh day. A study o f the p ro te in  content o f  
th e  cerebrosp inal f lu id  in v e s tig a te d  a t  48-hourly in te rv a ls  shows 
an i n i t i a l  reading o f  330 mgm. p e r  100 c. c. w ith a gradual drop 
to  l^O mgiu . a t  the  end o f  f iv e  days, S t th e  end o f  th e  th ird  week 
when ro u tin e  lumbar puncture produced a normal f lu id ,  the  ch ild  
was allowed up. A taxia was marked and th e  p a t ie n t  was unable to
walk u n ass is ted  throughout th e  follow ing week. Improvement was
/
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was gradual from day to  day bu t th e  tendency to  stagger and f a l l  
p e rs is te d  fo r  some time and delayed th e  p a t ie n t ’ s d ism issal from 
h o sp ita l. He was subsequently discharged a t  the  end o f seven weeks, 
s t i l l  s l ig h t ly  unsteady on h is  f e e t .
Card io v a scu la r System.
S ag itt a l  Sinus Thrombosis. B .F ., femele aged four y ears, 
co llapsed  suddenly and died on the  morning o f  the f i f t h  day in  
h o s p ita l .  P o st mortem examination revealed  a thrombosis o f the  
s a g i t t a l  s inus. This case i s  described in  d e ta i l  in  Chapter VII.
fu iy jLep t  p e r ic a r d i t i s .  M.K., female aged n ineteen  y ears , was
adm itted to h o sp ita l on the  thii*d day o f i l l n e s s  and died two days 
l a t e r .  P u ru len t p e r ic a r d i t i s  and a commencing gangrene o f th e  ileum 
were found a t  p o s t mortem examination. This case w ill be d iscussed  
in  more d e ta i l  in  the considera tion  o f f a t a l  cases (Chapter V II) •
EoistaxLs.
There was one in s tan ce  o f e p is ta x is  occurring  on th e  second day 
a f te r  admission to  h o s p ita l. This p a t ie n t ,  M.K. (v ide su p ra ),d ied
follow ing p u ru len t p e r ic a rd i t i s ,
Strabism us was noted in  n in e  p a t ie n ts .  In  e ig h t, th e  condition  
was p resen t on admission to  h o sp ita l.
P to s is  o f  the  r ig h t  e y e lid  occurred in  two p a t ie n ts  during th e  
course o f th e  i l ln e s s .
C o n ju n c tiv itis  o f  a non-puru len t type developed in  th re e  p a t ie n ts .  
In  one the  condition was followed by i r i t i s .
One p a t ie n t  complained o f double v is io n  during her f i r s t  two 
days in  h o sp ita l.
In e q u a lity  o f  th e  p u p ils  was noted  in  two p a t ie n ts ,  one o f 
whom had a nystagmus to  th e  l ig h t .
All com plications a ffe c tin g  the  eyes cleared  up rap id ly . There 
was no re s id u a l damage to the eye nor was v ision  a ffec te d .
Ear.
E.M., female aged eighteen y ea rs , adm itted to h o sp ita l on the  
f i f t h  day o f i l l n e s s ,  complained o f deafness in  both ea rs . Acutely 
i l l  on admission, she responded well to treatm ent and was d iso issed  
from h o sp ita l a t  th e  end o f  th re e  weeks. Tflhile in  h o sp ita l she was 
examined by Mr. Syme who confirmed th e  presence o f  b i la te r a l  nerve 
deafness. He considered the chances o f  impressment in  th e  r ig h t  
ea r ea r  f a i r l y  good; in  th e  l e f t  ea r , poor. Mr. Syme examined th is  
p a t ie n t  again when she re tu rned  to  h o sp ita l fo r  re-exam ination one 
month l a t e r .  He found considerab le  improvement in  th e  r ig h t  ea r 
but no change in  th e  l e f t .  The p a t ie n t  was re fe rre d  to  th e  Ear, Nose 
and Throat H osp ital fo r  fu r th e r  observation .
M.D., female aged twenty-one y ears , adm itted to h o sp ita l on the 
fo u rth  day o f i l l n e s s ,  complained o f n o ise s  and d u lln ess  o f  hearing  
in  th e  l ig h t  ear. Like th e  p revious case, she made a good recovery 
from cerebrosp inal fever and was dism issed from h o sp ita l a t  the  end 
o f  th re e  weeks. Mr. Syme examined th i s  p a t ie n t  p r io r  to  her d ism issa l. 
He found nerve deafness o f  th e  r ig h t  ear but considered the  chances o f  
p a r t i a l  recovery good. The p a t ie n t  was re fe r re d  to the  E ar, Nose 
and Throat H osp ita l, fo r  fu r th e r  observation .
In  two p a tie n ts ,  u n i la te r a l  pu ru len t o t i t i s  media developed during 
th e  course o f  cerebrospinal fev e r. In  both the  condition  responded 
ra p id ly  to  lo c a l  treatment*
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r a c ia l  P a ra ly s is .
M.C., female aged s ix teen  y ears, had, in  add ition  to  in e q u a lity  
o f  the  p u p ils  and nystagmus, a l e f t  f a c ia l  p a ra ly s is  when adm itted 
to  h o sp ita l . The condition c leared  up in  a few days a f te r  
trea tm en t was begun. The p a t ie n t  made a good recovery from 
cerebrosp inal fev e r. D ism issal from h o sp ita l was delayed owing 
to  p e r s is te n t  high p ro te in  le v e ls  in  the cerebrosp inal f lu id .
(b) Non-Meningococcal Com p lica tions.
R esp ira to ry  System.
In  n in e  p a t ie n ts ,  cereb rosp inal fev er was com plicated by 
th e  occurrence o f bronchopneumonia. In  s ix  the  condition was 
p re se n t on admission to h o sp ita l, w hile in  the  remaining th re e  
pulmonary in fe c tio n  developed as a term inal phenomenon p r io r  to  
death . Of the  n ine  p a t ie n ts ,  seven were under four years  o f  age. 
Seven ou t o f  th e  n ine  cases term inated f a ta l ly .
One p a t ie n t ,  an a d u lt, su ffered  from chronic b ro n c h itis .
She made a good recovery from cerebrosp inal fev e r.
Alimentary System,
Eleven in fa n ts ,  a l l  between the  ages o f  one month and th re e  
y ears , developed e n t e r i t i s .  With two exceptions th e  condition  
was p resen t on th e  p a t ie n t ’ s admission to h o s p ita l .  Of the  
eleven cases f iv e  term inated f a ta l ly .
f ti te re u rre n t D isease.
The case o f J .T . ,  female aged one y ea r, who succumbed to 
pneumococcal m ening itis fo llow ing d i r e c t ly  upon a mesningococeal 
in fe c t io n , w ill be d iscussed m  d e ta i l  in  Chapter VII*
-  120 -
J . S , , female aged one year, developed a B. c o liin fe c tio n  o f the 
u r in e  during th e  second week o f her i l l n e s s .  The in fe c tio n  cleared  
up rap id ly  with sulphapyrtd ine.
An a d u lt female, C.G,, aged f i f t y - s i x  years, who died on the  
seventh day a f te r  admission to  h o sp ita l, showed a marked enlargement 
o f th e  th y ro id  gland.
In  two in s tan ce s  cerebrosp inal fev e r occurred during pregnancy. 
One o f  th e se  cases term inated f a ta l ly .  In  n e ith e r  case did 
pregnancy have any apparent e f fe c t  on th e  course o f  th e  d isease .
Comment.
In  S e rie s  C, cerebrosp inal fever was com plicated in  two in fa n ts  
aged th re e  weeks and one y ear re sp e c tiv e ly , by in te rn a l  hydrocephalus. 
With regard  to the f i r s t  case, re so lu tio n  o f th e  in fe c tio n  was slow 
as judged by the  tim e th e  cerebrosp inal f lu id  took to d e a r ,  bu t i t  
may also  be argued th a t  the  age o f  the p a t ie n t  was a p red isposing  
f a c to r  in  the production o f a mechanical blockage o f th e  v e n tr ic u la r  
system. In  the  second p a t ie n t  adm itted to h o sp ita l on the  te n th  day 
o f i l l n e s s ,  inflammatory changes s u f f ic ie n t  to produce in te rn a l  
hydrocephalus had a lready  occurred before su lphapyrid ine therapy 
was begun. The in fe c tio n  did no t respond to  trea tm en t.
In  the  two in s ta n c e s  where a ta x ia  was m anifested, th e  response to 
therapy  was slow as judged by c l in ic a l  and lab o ra to ry  f in d in g s .
One case o f s a g i t ta l  sinus thrombosis i s  recorded. This i s  a 
r a re  com plication o f cerebrosp inal fev er. A s im ila r  case a sso c ia ted
w ith  haemorrhage in to  th e  f ro n ta l  lobe  i s  described  by Banks (1938) .
P uru len t p e r ic a rd i t i s  and gangrene o f th e  ileum  due presumably 
to  m esenteric throm bosis re su lte d  in  a  f a t a l  is s u e  in  one p a t ie n t .
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Permanent nerve deafness com plicated the d isease  in  two 
a d u lt  p a t ie n ts .  O ther com plications in  the form o f otitis media 
c leared  up s a t i s f a c to r i ly .
Com plications a ffe c tin g  the  eye were o f minor importance and 
were n o t a sso c ia ted  w ith any re s id u a l damage.
There were no eases o f a r t h r i t i s  in  th i s  s e r ie s .
In  the  one in s tan ce  where f a c ia l  p a ra ly s is  occurred, the  
condition  com pletely disappeared w ith the favourable p rogress o f 
th e  in fe c tio n .
Of th e  non-meningococcal com plications, bronchopneumonia was 
recorded in  n in e  p a t ie n ts  su ffe rin g  from cerebrosp inal fev er. In  
seven o f these  p a t ie n ts  pulmonary involvement was associa ted  w ith  a 
f a t a l  is su e . Of th e  n ine p a t ie n ts  seven were under the age o f  
fou r y ears.
Five o f  th e  eleven in fa n ts  under four years  o f age who developed 
e n t e r i t i s  d ied.
The occurrence o f pneumococcal m en ing itis  follow ing meningococcal 
m en ing itis  i s  fo r tu n a te ly  ra re .  This case i s  described  In  d e ta i l  
under "Analysis o f  F a ta l Cases" (Chapter VII) •
Conclusion s .
Com plications, meningococcal and non-meningococcal, in  256 cases
o f  cerebrosp inal fev er have been recorded in  th e  th re e  S e rie s , A, B,
and C. When they a re  considered as a whole i t  w ill be convenient
to  c la s s ify  them according to  th e i r  degree o f se v e rity . Dangerous
com plications to which most a tte n tio n  must be p a id  f a l l  under two
headings: (1) Complications a f fe c tin g  th e  c e n tra l nervous system and
/
and a sso c ia ted  w ith death  o r permanent d is a b i l i ty ;  ( 2) com plications 
o f  a non-iaeningococcal ch a rac te r in  th e  form of bronchopneumonia and 
e n t e r i t i s  which p lay  a la rg e  p a r t  in  delaying th e  h ea lin g  p rocesses, 
and which in  several cases have been found associa ted  w ith a f a ta l  
issue* Complications a f fe c tin g  th e  nervous system w ill be 
considered f i r s t .
Of th e  256 cases o f  cerebrosp inal fev e r, n ine developed in te rn a l  
hydrocephalus, an incidence o f  3. 5I  p e r cen t (Table I ) ;  o f the  n ine 
cases, s ix  were between the  ages o f th re e  weeks and one y ea r, one 
was aged f iv e  y ea rs , and th e re  were two a d u lts  aged tw en ty -five  
years and s ix ty -fo u r  years  re sp e c tiv e ly . Of the  n ine  cases, 
f iv e  term inated  f a ta l ly .  I t  w ill be seen th e re fo re  th a t  th i s  
com plication tends to occur more freq u en tly  in  the ea r ly  age groups.
Table I .
Incidence o f  Hydrocephalus 
in
256 T reated  Cases.
S eries Group Name Age
Days 111 
on admiss­
ion  to 
h o sp ita l.
Day o f  T 
when C.S 
s t e r i l e
reatm ent 
. F.became 
c le a r
Result
Sequelae
in
Recover­
i e s .
C V A.B* wks. 2 3 rd 7 th Lived Blind
A I A. B. Tmths. 15 3 rd 5 th Lived Blind
B III D.3. 4 « 4 ____ 2si-1
-£5-Pin Died —
B IV T.H. 5 " 5 . _ 9. th . 9. th Lived Blind
B III D.S. 7 " 12 _____3rd . .  5 th Died
C V M.W. 1 y r . 10 P e rs is te d
p o s itiv e
P ersistec
tu rb id
Died -
" B I I I J.G . 5 yrs, 2 5 th 13 th Died -
B IV Me B. 25 yrs 3 21 s t P e rs is ted  tu rb id  -  
24th day
Died -
A II A.C. 64yrs. 10 9 th  , Lived n i l .  1
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The average number o f  days o f  i l l n e s s  p r io r  to  admission to 
h o sp ita l in  the n ine  p a tie n ts  who developed an in te rn a l  hydrocephalus 
was seven days, and while th is  delay in  treatm ent i s  recognised to  
be a p red isposing  f a c to r ,  the im portance o f slow re so lu tio n  o f th e  
in fe c tio n  has been emphasized as p lay ing  a la rg e  p a r t  in  the product­
io n  o f  mechanical o b stru c tio n  to th e  flow o f  cerebrosp inal f lu id .
In  cerebrosp inal fev er perhaps more than in  any o th e r in fe c tio n , 
what th e  sulphonamide drugs do, they must do quickly , and cases 
which ex h ib it a tu rb id  cerebrospinal f lu id  in fe c te d  w ith meningococci 
a f t e r  n in e ty -s ix  hours* dnug therapy should be considered as showing 
a poor response to trea tm en t. I f  th i s  f a c t  i s  app rec ia ted  and the  
drug employed be rep laced  by another sulphonamide known to  be 
activfe ag a in s t th e  meningococcus, i t  i s  suggested th a t  the  
inc idence  o f  hydrocephalus and the  o th e r  dangerous com plications 
o f  cereb rosp ina l fever might be reduced.
The co rre la tio n  between delayed re so lu tio n  and ce reb ra l 
damage has been i l l u s t r a t e d  fu r th e r  (Table I I )  in  those 
p a t ie n ts  who developed a ta x ia  and choreiform  convulsions, and in  
those who showed mental i n s t a b i l i t y  during convalescence; indeed 
some o f th e se  nervous m an ife sta tio n s  were observed as in c id e n ts  
lead in g  up to the  estab lishm ent o f  an in te rn a l  hydrocephalus. 
P ro p h y lac tic  measures taken with regard  to in te rn a l  hydrocephalus 
must n ec e ssa r ily  reduce th e  number o f th ese  com plications no 
l e s s  se rio u s  in  th a t  they may be followed by permanent d is a b i l i ty .
Incidence o f  Mental I n s t a b i l i ty  and Ataxia,
S e r ie s Group Name Age
(Tears]
Days i l l  on 
admission to  
h o sp ita l.
Duration 
o f  Signs
„ & Symptoms
(Days).
Day o f T rea t­
ment when 
C.S.F. became Sequelae
s te r i l e c le a r
A I I M. G. 5 2 5 3rd 7th Mentalin s ta b ility
A I I A.B. 7 2 7 4 th 7th si
B IV M.McL. 22 2 10 7th 7th A taxia
C V M.S. 3 5 8 3*d 7th ti
C V P.M. 3
— —
10 6 5th 7th it
Prognosis must be regarded as unfavourable w ith regard  to nerve 
deafness which com plicated the d isease  in  f iv e  in s ta n c e s , an 
inc idence  o f 1*95 Pe r  cent* The average number o f  days o f i l l n e s s  
p r io r  to  admission in  the f iv e  p a t ie n ts  a ffe c te d  was four days, and 
w ith  the exception o f  one p a t ie n t  a l l  made a rap id  recovery, and 
showed an ea rly  response to  the drug employed. I t  seems u n lik e ly  th a t  
once nerve deafhess i s  e s ta b lish ed , anything more than p a r t ia l  
recovery i s  to be expected.
S a g it ta l  s inus thrombosis l i k e  p u ru len t p e r ic a r d i t i s ,  i s  fo rtu n a te ­
l y  o f  ra re  occurrence as a com plication o f cereb rosp ina l fev er,
B olleston  (1914-16) in  a review o f  276 cases o f  th e  d isea se , recorded 
s ix  in s tan ce s  o f p e r ic a rd i t i s ,  th re e  o f which recovered.
The second group o f dangerous com plications comprising broncho­
pneumonia and e n te r i t i s  now f a l l s  to be considered.
Bronchopneumonia e sp e c ia lly  in  childhood, i s  a se rieu s  
com plication o f  cerebrosp inal fev e r. As in  o th e r  in fe c tio n s , th e  /
th e  lowered re s is ta n c e  o f the re sp ira to ry  t r a c t  le a d s  to i t s  
invasion  by pathogenic organisms. In  Table I I I  i s  shorn th e  to t a l  
number o f cases o f cerebrosp inal fev e r com plicated by bronchopneumonia* 
B ro n c h itis ,o f  which th e re  were a few in s ta n c e s , i s  no t included* The 
f ig u re s  in c lu d e  th e  incidence o f  bronchopneumonia diagnosed on 
admission to  h o s p ita l ,  and bronchopneumonia occurring  during the  
course o f  treatm ent* The high death  r a te  in  the  ea rly  age groups 
w il l  be observed. Of the  t o t a l  tw enty-th ree p a t ie n ts ,  s ix teen  were 
under f iv e  y ears  o f age, and o f th ese , eleven died* In  th ir te e n  o f 
th e  tw enty -th ree  cases bronchopneumonia was p re se n t on the p a tien t*  s 
admission to h o sp ita l .
Table III*
Incidence o f  Bronchopneumonia.
Age 0- 1 - 5- 20- 4 0 - 6 0 Total
D 6 5 3 2 1 17
R 1 4 1 0 0 6
Total 7...... ....... 9 4 2 1 23
In  n ine o f th e  seventeen f a ta l  cases death  took p lace  w ith in  th re e  
days o f admission to  hosp ital*  In  th re e  o f  th ese  cases where death  
took p lace  w ithin two days o f admission to h o sp ita l, bronchopneumonia 
was p a r t ic u la r ly  severe, the  p a t ie n ts  e x h ib itin g  a h e lio tro p ic  cyanosis 
s im ila r  to th a t  seen in  in flu e n z a l bronchopneumonia. There was no 
evidence o f  suprarenal haemorrhage on p o s t mortem exam ination. The 
question  a r is e s  as to whether in  th ese  and o th e r cases th e  in fe c tin g  
organism in  the  re sp ira to ry  t r a c t  was th e  meningococcus. Attempts 
were made in  several in s tan ce s  to i s o la te  the  causal organisms from /
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from the  lung . Lung puncture was performed in  s ix  p a t ie n ts  p r io r  
to  death and the  contents in o cu la ted  on gLucose bro th . In  four 
p a t ie n ts  c u ltu re s  were taken from bronchopneunionic patches a t 
p o s t mortem examination. The in v e s tig a tio n s  fa i le d  to  in crim in a te  
th e  meningococcus as the causal agent. In  one case of b i la te r a l  
bronchopneumonia which proved f a ta l ,  gram neg a tiv e  d ip lococci were 
is o la te d  from the trachea , but the organism did no t conform to the  
sugar re a c tio n s  o f the  meningococcus. In  s p ite  o f th ese  negative  
fin d in g s  i t  i s  o f  in te r e s t  to note th a t  in  f iv e  cases where 
cerebrosp inal fev er was complicated by bronchopneumonia, meningococci 
were is o la te d  in  the  blood stream. I t  i s  re a l is e d , however, th a t  
w hile a p o s it iv e  blood c u ltu re  i s  o f some d iag n o stic  s ig n ifican ce , lung 
puncture and examination o f  th e  serum withdrawn i s  th e  only c e r ta in  
method o f proving the  exact n a tu re  o f the causa tive  organism in  a 
suspected meningococcal pneumonia. According to  Worster-Drought 
and Kennedy, the  few cases in  which lung puncture has been performed 
have y ie lded  pneumococci and n o t meningococci.
Bronchopneumonia was most p rev a len t during th e  period  January to  
October 1941, i . e . ,  in  S erie s  B and C. There was only one in s ta n c e  o f 
bronchopneumonia com plicating cerebrosp inal fev e r in  S erie s  A, during 
th e  preceding period , May to  December 1940. In  S eries  B, tre a te d  with 
sulphanilam ide, e igh t out o f  t h i t t y - s ix  p a t ie n ts  under f iv e  y ears  o f age 
developed bronchopneumonia, an incidence o f 22.2 p e r  cen t. In  S erie s  
C, tre a te d  with su lphapyridine, seven out o f  f if ty -o n e  p a t ie n ts  
under f iv e  years o f  age developed bronchopneumonia, an incidence o f
13«72 p ar cent. These f ig u re s  would suggest th a t  su lphapyrid ine i s
/
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i s  more e ffic a c io u s  than sulphanilam ide in  co n tro llin g  th i s  serious 
com plication o f cerebrosp inal fev er. A ctually  the d iffe ren ce  between 
th e  two values i s  no t s t a t i s t i c a l l y  s ig n if ic a n t ,  a f a c t  which must 
be a t t r ib u te d  to th e  small numbers involved.
The high f a t a l i t y  r a te  i s  explained on fu r th e r  an a ly s is  o f th e  
secenteen f a ta l  cases.. In  only e ig h t p a tie n ts  d id  bronchopneumonia 
e x is t  p e r se. Of the remaining n in e , four developed in te rn a l  
hydrocephalus, fou r succumbed to suprarenal haemorrhage, and in  one 
th e re  was a superimposed pneumococcal m en ing itis . I t  i s  obvious 
th e re fo re  th a t  pulmonary com plications in  common with o th e r 
a f fe c tio n s  already enumerated can only be reduced by th e  vigorous 
and ea rly  trea tm en t o f  cerebrospinal fev e r. The remedy l i e s  n o t 
in  th e  cure but in  the  p revention . I f  su lphapyrid ine can be shown 
to  be more e f fe c tiv e  in  c o n tro llin g  th e  incidence o f  bronchopneumonia 
then , c e te r is  paid bus, sulphapyridine i s  the  drug o f  choice in  the  
trea tm en t o f cerebrosp inal fever.
The to ta l  number o f p a t ie n ts  who developed e n t e r i t i s  i s  shown 
in  Table IV. With one exception the occurrence o f th is  com plication
in  cerebrosp inal fev er was confined exc lusive ly  to in fa n ts  under 
two years o f age. Of the tw en ty -th ree  p a t ie n ts ,  twenty were under
one year o f age, and o f th ese , seven died.
Table IV.
Incidence o f E n te r i t i s .
Age 0 - j r  -  5 ~pTota3Tj
Total
Although e n te r i t i s  has been included under non-meningococcal 
com plications, the  aetio logy  o f the condition  may be ascribed  to  
to x in s  e labo ra ted  by the meningococcus ac tin g  on the bowel. Other 
fa c to rs , however, must be taken in to  account. E nquiries d isc lo sed  
th e  f a c t  th a t  several o f the  in fa n ts  who subsequently developed 
e n te r i t i s  had been b o tt le - fe d  fo r  the  f i r s t  time some days p r io r  
to admission to h o sp ita l w ith cerehrosp inel fever. I t  i s  well 
known th a t  in fa n ts  when in troduced  to  cowr s m ilk, m odified o r 
unm odified, are  exposed to  various to x ic  and in fe c t iv e  agents 
l i a b l e  to cause e n te r i t i s .  I t  v d ll also be apprecia ted  th a t  any 
condition  which lowrers th e  re s is ta n c e  o f  the in fa n t perm its the 
a c tiv a tio n  o f  in te s t in a l  organisms norm ally non-pathogenic, and 
thus in c rea se s  the l i a b i l i t y  to bowrel in fe c t io n . I t  was 
th e re fo re  im possib le in  th ese  cases to a sc rib e  the e n t e r i t i s  to 
one s in g le  a e tio lo g ic a l  f a c to r .  Although b a c te r io lo g ic a l examinations 
were c a rrie d  ou t in  f i f te e n  o f th e  tw enty-th ree cases,' no in te s t in a l  
pathogens were is o la te d  in  the  faeces. In  those cases where p ost 
mortem examinations were performed i t  was observed th a t  th e re  
were su rp ris in g ly  l i t t l e  inflammatory changes in  th e  in te s t in a l  
mucosa. There was no evidence o f  u lc e ra tio n  even in  th e  most 
severe cases. These fin d in g s  tend to show th a t  th e  t a t e r i t i s  was 
to x ic  ra th e r  than in fe c t iv e  in  n a tu re , a view fu r th e r  upheld by 
th e  f a c t  th a t  in  eighteen o f tw enty-th ree p a t ie n ts ,  e n t e r i t i s  was 
p re se n t on admission to h o sp ita l, and none o f them was a t  any time 
a ttended  by an outbreak o f in fe c tio u s  e n te r i t i s  among o th e r
ch ild ren  in  the  ward. I t  must be recognised, however, th a t  in  th e  
p re se n t s ta te  o f our knowledge regard ing  the  ae tio lo g y  o f  in fe c tio u s
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in fe c t io u s  e n t e r i t i s  in  ch ild ren  no dogmatic opinions can 
be expressed.
A study o f th e  tw enty-three p a t ie n ts  who developed e n te r i t i s  
shows th a t  in  s ix teen , where e n t e r i t i s  was th e  so le  com plication, 
th e re  were only two deaths. While prognosis must th e re fo re  be 
considered more favourable under th ese  cond itions, i t  must be re a lis e d  
th a t  the  presence o f E n te r i t is  by delaying  re so lu tio n  co n trib u tes  
towards the causation o f dangerous com plications such as in te rn a l 
hydrocephalus. E n te r i t i s  was p re se n t on admission to  h o sp ita l in  
th re e  o f the four p a t ie n ts  who died follow ing in te rn a l  hydrocephalus. 
The remaining th re e  f a ta l  cases su ffe red  from bronchopneumonia in  
ad d itio n  to e n t e r i t i s .
Treatment o f e n t e r i t i s  co n sis ted  in  p relim inary  s ta rv a tio n  
follow ed by a n o n - ir r i ta t in g  and e a s ily  assim ilab le  d ie t .  Toxaemia 
and dehydration were counteracted by the  l ib e r a l  adm in istra tion  o f  
f lu id s  by mouth, p e r  rectum, and in  p r a c t ic a l ly  a l l  cases by ro u tin e  
in tra p e r i to n e a l  s a lin e s . In fa n ts  who were th in  and undernourished o r 
who were already to x ic  and dehydrated from cerebrosp inal fev e r d id  
badly . A dditional f lu id  lo s s  occasioned by sickness and vomiting 
c o n s titu te d  a m ajor problem e sp e c ia lly  in  sulphapyrid ine tre a te d  
p a t ie n ts .  For t h i s  reason i t  i s  suggested th a t  sulphanilam ide o r 
su lp h ath iazo le  which are  more e a s ily  to le ra b le  in  in fa n ts ,  should be 
employed exclusive ly  in  the treatm ent o f cereb rosp ina l fev er in  
in fa n ts .  This p o in t w ill be ra ise d  again in  connection w ith the  
com plications o f  therapy (Chapter V III) .
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With regard to other com plications which have been recorded
in  connection with the eye, ear, jo in t s ,  e t c . ,  l i t t l e  need be said. 
None o f  th ese  m a ter ia lly  a ffec ted  the course o f  the i l ln e s s .
Unlike the nervous, pulmonary, and in t e s t in a l  com plications o f  
cerebrospinal fev er , 811 o f  them cleared  up s a t is fa c to r i ly  under 
treatm ent. None o f  them was d ir e c t ly  a sso c ia ted  with a fa ta l  
is s u e  and none was attended by permanent d is a b i l i ty .
Table V.
Incidence o f  Complications, Meningococcal and 
Non-Meningococcel, in  the 256 Cases o f  
Cerebrospinal Fever.
Meft.ingocpccal 
Compli c a t ion s.
Number o f  Cases 
showing complic­
a tio n s.
On After
Admission Admission.
Central Nervous System. 
In tern a l Hydrocephalus 
Ataxia
Epileptiform  convulsions  
Mental I n s ta b il i ty
Cardiovascular System. 
Suprarenal haemorrhage I 8
E p ista x is
Purulent P e r ic a r d it is  
S a g it ta l Sinus Thrombosis 
M esenteric Thrombosis
Sp ecia l Senses.
Ear.
Nerve deafness | 2
O t i t i s  Media 1
1
2
1
1
1
3
4
T otal.
9
3
3
2
9
2
1
1
1
Incidence  
per Cent.
3.51
1 .1 7
1 .1 7  
0. 1$
3*51
0.78
0.39
0.39
0.39
1.95
1.95
~ 4
( con td .over).
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Table V. ( eontd.) .
■ ......... ............ —  —
1 Meningococcal
Com plications.
Number o f  Cases 
showing complic­
a tio n s.
On A fter  
Admission Admission.
” 1
T otal. Incidence
per cent.
Ejye.
Strabismus 24 3 27 10.55
C o n ju n ctiv itis 3 5 8 3.12
B lindness 1 3 4 1.56
P to s is  o f  Elyelid 1 2 3 1.17
D iplopia 2 1 3 1.17
In eq u a lity  o f  P u p ils 2 1 3 1.17
Nystagmus 2 - 2 0.78
B lep h a r itis 1 - 1 0.39
I r i t i s - 1 1 0.39
J o in ts .
A r th r itis - 7 7 2.73
P a ra ly s is .
F acia l 2 2 4 1.56
Pharyngeal - 1 1 0.39
Non-Meningococcal 
Compli cation s .
Number o f  Case's
showing complic­
a tio n s .
On A fter  
Admi ssion  Admi ssio n .
—  - 
T otal. Incidence  
per cent.
R espiratory System. 
Bron chopn eumoni a 13 10 23
. .
8.98
B ron ch itis 4 0 4 1.56
G a stro -in testin a l System.
E n te r it is 18 5 23 8.98
Other.
Pneumococcal M eningitis - 1 1 0.39
S treptococcal Septicaemia 1 - 1 0*39
B. Coli P y e l i t i s - 1 1 0.39
A x illa ry  Abscess 
(Staphylococcal) - 1 1 0.39
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In Table V th e re  are  recorded the  to t e l  com plications, the time 
o f  t h e i r  occurrence, and th e i r  incidence in  the 256 cases o f 
cereb rosp ina l fev e r. The s ig n ifican ce  o f th e i r  presence in  th e  
d isea se  has already  been d iscussed , bu t before concluding th i s  
chap ter I  propose, a t  th e  cost o f  some r e p e ti t io n , to re-emphasize 
b r ie f ly  th e  r e la t iv e  importance o f  th ese  com plications from the 
p o in t o f  view o f prognosis.
C entral Nervous System.
Once in te rn a l  hydrocephalus i s  e s ta b lish ed  l i t t l e  can be done
fo r  th e  p a t ie n t .  In te n s iv e  therapy w ill no doubt help to  a r r e s t
th e  fu r th e r  development, in  th e  ea rly  s tag e s , o f  t h i s  se rio u s
com plication. I f  the  p a t ie n t  recovers he seldom escapes b lindness
o r  some degree o f  ce reb ra l damage. Early  d iagnosis o f  cerebrosp inal
fe v e r followed by immediate treatm ent o f fe r s  th e  b e s t means o f
p reven ting  th e  development o f in te rn a l  hydrocephalus.
A taxia m an ifests  i t s e l f  l a t e  in  the d isease  and p e r s i s ts  long
a f te r  convalescence. P a tie n ts  who developed th is  com plication had
no t f u l ly  recovered s ix  weeks a f te r  th e i r  d ism issal from h o sp ita l.
In  such cases the b e s t r e s u l ts  a re  to  be obtained  ty  re -ed u ca tiv e
e x e rc ise s  designed to  re s to re  normal co -o rd ina tion .
Mental i n s t a b i l i t y  i s  s im ila r  to  a ta x ia  in  th a t  i t  occurs l a t e
in  th e  d isease  and has the  same ae tio lo g y , namely, delay in  treatm ent
o r , once treatm ent has commenced, delay in  re so lu tio n  o f the
in fe c t io n . From the  ir re p a ra b le  n a tu re  o f  the le s io n s  produced in  the
b ra in  re s id u a l symptoms tend to p e r s i s t  long  a f te r  th e  causative
in fe c t io n  has subsided. Experience in  th e  p resen t in v e s tig a tio n  has
/
has shovm th a t cases o f mental I n s t a b i l i ty  may req u ire  constant 
observation  and trea tm en t a f te r  th e i r  d ism issal from h o sp ita l.
Apart from the  s ig n ifican ce  o f convulsive se izu res  commonly 
a sso c ia ted  w ith in te rn a l  hydrocephalus, ep ilep tifo im  convulsions 
occu rring  p e r se during the  course o f  th e  i l l n e s s  a re  to  be regarded 
w ith grave concern. T heir presence in  one p a t ie n t  was followed by- 
a ta x ia  and permanent nerve deafness.
C ardiovascular System.
Prognosis i s  hopeless in  suprarenal haemorrhage, a f a ta l  
com plication asso c ia ted  w ith the fu lm inating  form o f  cerebrosp inal 
fev er.
E p is tax is  i s  o f  ra re  occurrence in  cerebrosp inal fever and has 
no appreciab le  e f fe c t  upon th e  course o f  th e  i l ln e s s .
P e r ic a r d i t i s ,  s a g i t t a l  sinus throm bosis, and m esenteric 
throm bosis are  f a ta l  but fo rtu n a te ly  ra re  com plications o f  the  d isease .
S pecial Senses.
Ear.
Temporary deafness o f which th e re  was one in s tan ce  in  th e  
p re sen t s e r ie s  o f cases, shows a gradual disappearance as th e  
p a t ie n t1s condition  improves. I t  has been asc rib ed  to  t r a n s ie n t  
oedema o f the  eighth nerve o r th e  aud ito ry  p o rtio n  o f the ce reb ra l
co rtex . The prognosis in  temporary deafness i s  good.
Permanent deafness occurs during the  course o f  the  i l l n e s s  and 
i s  almost always b i l a t e r a l .  I t  does n o t seem to  bear much re la t io n  to  
th e  sev e rity  o f  the  i l ln e s s .  P a t ie n ts  may recover but the deafness
as  experience has shorn in  the  p re se n t study, remains u n a lte red  o r 
ahows only s l ig h t  improvement.
O ti t i s  media need cause no concern. The condition  responds 
ra p id ly  to trea tm en t and i s  no t followed by se rio u s  com plications.
Eye.
Apart from b lindness a sso c ia ted  w ith in te rn a l  hydrocephalus, 
com plications which a ffec ted  th e  eyes were benign and subsided 
rap id ly . No anx ie ty  need be expressed by the  appearance in  th e  
e a r ly  stages o f th e  i l ln e s s  o f  signs such as strabism us, p to s is  
o f  th e  ey e lid , d ip lo p ia , e tc . These o cu la r m an ife sta tio n s  are  o f 
a temporary n a tu re .
J o in ts .
One o r more jo in ts  may be im p lica ted . P rognosis with regard  
to  the  a ffe c te d  jo in t s  i s  good. P a tie n ts  who su ffe red  from 
a r t h r i t i s  were examined from time to time a f te r  th e i r  d ism issal 
from h o sp ita l. There were no in s ta n c e s  o f  d is a b i l i ty  from 
adhesions o r  anky losis .
Non-Meningococcal Complications.
R esp ira to ry  System.
Bronchopneumonia most freq u en tly  occurs in  ch ild ren . I t  i s
u su a lly  asso c ia ted  w ith the most acute cases o f  cerebrosp inal 
fev er. I t s  presence i s  a sign o f grave p rognosis. The f a t a l i t y  
r a te  in  p a t ie n ts  who developed bronchopneumonia in  the  p resen t 
in v e s tig a tio n  was 73* 9^ Pe r  cen t, and in  ch ild ren  under f iv e
years (s ix teen  c a se s ) , 68.75 P©r cen t. Bronchopneumonia occurring  
during the course o f  the i l l n e s s  may be a decid ing fa c to r  in  a 
fa t a l  is su e  or, i f  the p a tien t surv ives, may cause a dangerous
delay  in  the h ea lin g  processes.
B ronch itis  i s  o f much l e s s  frequen t occurrence. I t  does no t 
e x e r t an unfavourable in flu en ce  upon the  course o f  th e  d isease .
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C a s tro - in te s tin a l  System.
E n te r i t is  l ik e  bronchopneumonia, i s  a dangerous and o ften  f a ta l
com plication in  ch ild ren  su ffe rin g  from cerebrosp inal fever. The 
younger the  ch ild  th e  more l ik e ly  i s  the  in fe c tio n  to be severe and 
th e  g re a te r  the  f a t a l i t y  ra te . The combination o f d iarrhoea, vomiting, 
dehydration, and an associa ted  toxaemia superimposed upon an a ttack  
o f  cerebrosp inal fev e r i s  o f  se rio u s  p rognostic  s ig n ifican ce . The 
f a t a l i t y  r a te  in  p a t ie n ts  who developed e n t e r i t i s  in  the p resen t 
in v e s tig a tio n  was 39*13 Per cen t, and in  ch ild ren  under one year o f 
age (twenty cases), 35 Pe r cent.
O ther Complications.
Secondary invasion  o f the  meninges by the pneumococcus i s  not 
unknown in  cerebrosp inal fev er. When i t  occurs i t  i s  u su a lly  seen l a t e  
in  th e  d isease  and in v a ria b ly  te rm inates  a lo ng -stand ing  in fe c tio n .
P y e l i t i s  com plicating cerebrosp inal fev er i s  u su a lly  o f a benign 
o rd e r  and need cause no anxiety . I t  may be overlooked as the  cause 
o f p e r s is te n t  py rex ia  during convalescence.
S trep tococcal septicaem ia and a x i l la ry  abscess a re  in c id e n ta l 
ccm plications no t u su a lly  asso c ia ted  w ith th e  d isease . The former 
condition  responded rap id ly  to sulphanilam ide therapy.
In  conclusion Table VI has been included  to  show the  incidence o f  
in te rc u r r e n t  d isease  in  th e  p re sen t s e r ie s  o f cases. With the p o ss ib le  
exception o f g o itre  and im petigo, the  conditions enumerated had no 
d i r e c t  in fluence  upon th e  course o f th e  d isease . In  most cases, 
however, th e i r  presence prolonged considerably  the d u ra tion  o f the  
p a t ie n t1 s s tay  in  h o sp ita l.
Table VI.
Incidence o f  Intercurrent D isease in  
the 256 Cases o f  Cerebrospinal Fever.
In tercu rren t
D isease.
Number o f  
Cases.
Chickenpox 2
Whooping Cough 2
Rheumatic Ea do c a r d it is 1
Mumps 1
Paratyphoid Fever 1
G oitre 1
Impetigo 1
Mongolism 1
CHAPTER V ,
RECRUDESCENCE AND RELAPSE ITT CEREBROSPINAL REVER,
The in c id e n c e  o f  recru d escen ce  and r e la p se  o f  the d is e a s e  
o c c u r r in g  in  the 256 t r e a t e d  c a s e s  i s  shov/n in Table 1. It 
will be seen  th a t  th ere  are f i v e  in s t a n c e s  o f  recru d escen ce  
and th r e e  o f  r e la p s e .  The f i g u r e s  are o b v io u s ly  too sm all  
to  a l lo w  o f  any comparison b e in g  made betw een  the  v a r io u s  drug 
groups on such a b a s i s .
Table 1.
In c id en ce  o f  Recrudescence and R e la p se .
S e t i e s A B C T o ta l In c id en ce
Group 1 11 111  IV V per  c e n t .
R ecrudescence 1 2 2 R 1.9.5.
R elapse -  « , 1 2 3 1 .1 7
B efore  g o in g  on to  the c o n s id e r a t io n  o f  the c a s e s  i t  w i l l  
be w e l l  to  have a c l e a r  d e f i n i t i o n  o f  the terms recru d escen ce  
and r e la p s e .
A recru d escen ce  may be d e f in e d  a s  a reappearance o f  the  
s ig n s  and symptoms o f  m e n in g i t i s  in c lu d in g  p y r e x ia  f o l lo w in g  a 
q u ie s c e n t  p e r io d  during which apparent r e s o l u t io n  o f  the  
d i s e a s e  i s  ta k in g  p l a c e .  The normal course  o f  th e  d i s e a s e  
may be in te r r u p te d  by one or more such p e r io d s  o f  r e a c t i v i t y  
and the  d u ra tio n  i s  v a r ia b le  (W orster-Drought and Kennedy)
The occu rren ce  o f  a recru d escen ce  u s u a l ly  c o in c id e s  v /ith  the  
reappearance o f  the m eningococcus in  the  c e r e b r o s p in a l  f l u i d .  
W orster-DDought and Kennedy a s s e r t  t h a t  a c e r t a in  degree  o f  nech
r i g i d i t y  i s  u s u a l l y  p r e se n t  in. the q u ie s c e n t  p e r io d  between  
r e c ru d e sce n c e s  and E e r n ig f s s ig n  a lm ost  in v a r ia b le  p e r s i s t s .  
These s ig n s  serv e  to  d i f f e r e n t i a t e  th e  c o n d it io n  from a 
tru e  r e la p s e .
A r e la p s e  may be d e f in e d  a s  the  reappearance o f  the sign, 
and symptoms o f  m e n in g i t i s  in c lu d in g  p y r e x ia  f o l lo w in g  an 
i n t e r v a l  o f  time during which th ey  have been a b s e n t .  T h is  
i n t e r v a l  o f  tim e betw een apparent rec o v er y  and r e la p s e  i s  
lo n g e r  than i n  the r ecru d escen t  c a s e .  To quote W orster-  
Drought and Kennedy, "Ho recurrence o f  symptoms sh ou ld  be 
c o n s id e r e d  as  c o n s t i t u t i o g  a genuine r e la p se  u n l e s s  a t  the  
l a s t  lumbar puncture performed the  c e r e b r o s p in a l  f l u i d  i s  
normal and a l l  symptoms and s ig n s  in c lu d in g  K ern ig f s s ig n  
have been  a b sen t f o r  a t  l e a s t  two weeks".
The c a s e s  about to  be d e sc r ib e d  a s  e x h i b i t in g  a 
recru d escen ce  o f  r e la p s e  o f  the d i s e a s e  conform s t r i c t l y  to  
th e  above c r i t e r i a .  R ecrudescent c a s e s  w i l l  be c o n s id e r e d  
f i r s t .
R ecru d escen ces .
Group 1 -  S u lp h a n ila m id e .
1) T-S. -  fem ale  aged t h i r t y  y e a r s  was ad m itted  to  
h o s p a t a l  on the  fo u r t h  day o f  i l l n e s s .  She was a c u t e ly  i l l  
on a d m iss io n ,  d e l i r i o u s  and n o i s y .  Temperature 1 0 0 .h °  R . , 
p u ls e  ra te  132 , i n s p i r a t i o n  ra te  3U. There were p r e se n t  
marked nuchal r i g i d i t y ,  head r e t r a c t i o n ,  p o s i t i v e  K ern ig ’s  
s ig n  and photoph ab ia . Lumbar puncture produced a tu r b id  
f l u i d  under p r e ssu re  and c o n ta in in g  abundant i n t r a -  and 
e x t r a c e l l u l a r  m en in g o co cc i.  Blood c u l tu r e  s t e r i l e *
The slow  p r o g r e ss  o f  the case  in  c o n ju n ct io n  w ith  the  
c e r e b r o s p in a l  f l u i d  f in d in g s  gave cause f o r  a n x ie t y .  Primary 
p y r e x ia  l a s t e d  f o r  n in e  days and nuchal r i g i d i t y  and K ern ig 's  
s ig n  p e r s i s t e d  f o r  f i f t e e n  days. Lumbar puncture perform ed  
a t  4 8 -h c u r ly  i n t e r v a l s  produced a tu r b id  and h e a v i ly  i n f e c t e d  
f l u i d  up t i l l  the sev en th  day o f  tr e a tm e n t .  A specim en
o b ta in ed  on the n in th  day showed the f l u i d  to  be s t e r i l e  but  
amber in  c o lo u r .  The p a t i e n t  was tr o u b le d  w ith  much s i c k n e s s  
and v o m it in g  and a p e r s i s t e n t  headache. I n te r n a l  hydrocephalus  
was s u s p e c te d .
Drug therapy was c o n t in u ed  f o r  one week a f t e r  s ig n s  and 
symptoms o f  the d i s e a s e  had d isa p p ea red . Over a p e r io d  o f  
th ree  weeks 121+.5 grammes o f  su lp h a n ilam id e  were a d m in is ter ed .  
Apart from c y a n o s is  on the t h ir d  day o f  trea tm en t th e re  were 
no t o x i c  e f f e c t s .
On the day f o l lo w in g  the  c e s s a t i o n  o f  tr e a tm e n t ,  the
patien tfe  tw en ty -seco n d  day in  h o s p i t a l ,  the tem perature rose  
o
to  100 F. and in t e r m i t t e n t  p y r e x ia  c o n tin u ed  f o r  a p e r io d  o f  
te n  d ays . The p a t i e n t  complained o f  headache and s t i f f n e s s  
o f  the n eck . There was a s l i g h t  K e r n ig 's  s i g n .  Lumbar 
puncture produced an o p a le sc e n t  f l u i d  showing sc a n ty  in tr a c e l lu la r  
m en in gococc i i n  the d i r e c t  smear. There was no growth from  
c u l t u r e  on b lo o d  agar .
On accou n t o f  the  slow  response, to  su lp h an ilam id e  i t  was 
d e c id e d  t o  t r y  th e  e f f e c t  o f  s u lp h a t h ia z o le . The response
was r a p id .  The p a t i e n t ' s  g e n e ra l  c o n d i t io n  improved. S ign s  
and symptoms d isapp eared  w ith in  fo u r  d a y s .  The c e r e b r o s p in a l
f l u i d  was pronounced c le a r  and. s t e r i l e  a f t e r  f o r t y - e i g h t  hours  
■treatment. The tem perature c o n t in u ed  t o  he i r r e g u la r  and 
d id  not show s ig n s  o f  s e t t l i n g  u n t i l  th e  ten th  day  o f  the  
r e c r u d e sc e n c e .  Hie drug was d is c o n t in u e d  tw en ty -fo u r  hours  
l a t e r .  Over a p e r io d  o f  e le v e n  days she r e c e iv e d  100 grammes 
o f  s u lp h a t h ia z o le .  There was no ev id en ce  a t  any time o f  
drug t o x i c i t y .
The p a t i e n t  was su b seq u e n tly  d is m is se d  a f t e r  a s ta y  i n  
h o s p i t a l  o f  seven  w eeks. Lumbar puncture p r io r  to  d i s m is s a l  
produced a c l e a r  and s t e r i l e  f l u i d  w ith  a normal c e l l  count.  
When seen  one month a f t e r  her  d i s m is s a l  the p a t i e n t  was 
e n jo y in g  p e r f e c t  h e a l t h .
Group 111 -  S u lp h an ila m id e .
1) G.M. -  male aged f i v e  y e a r s  ad m itted  to  h o s p i t a l  on 
the  t h i r d  day o f  i l l n e s s .
The i n f e c t i o n  c le a r e d  up r a p id ly  w ith in  a few  days o f  
the i n s t i t u t i o n  o f  th era p y . The subsequent recru d escen ce  o f  
the  i n f e c t i o n  on no l e s s  than fo u r  o c c a s io n s  was p o s s ib ly  due 
t o  the f a c t  t h a t  the drug was s top p ed  to o  soon  in  the  f i r s t  
in s t a n c e .
The p a t i e n t  was c o n v u ls in g  on a d m iss io n  to  h o s p i t a l .
Temperature 1 0 1 .8 °  F . , p u lse  r a te  136 , r e s p i r a t i o n  ra te  hOm
There were p r e se n t  marked nuchal r i g i d i t y ,  head r e t r a c t i o n  and 
*
p o s i t i v e  K ern ig ’ s s ign#  Lumbar puncture produced an
o p a le s c e n t  f l u i d  c o n ta in in g  i n t r a -  and e x t r a c e l l u l a r  
m en in g o c o cc i .  P ro te in  c o n te n t  o f  the c e r e b r o s p in a l  f l u i d  
300 rngrn. p er  100 c .c *  Blood c u l tu r e  s t e r i l e .
P rogress  was r a p id .  Temperature returned to  normal 
w ith in  two days and a f t e r  fo u r  days s ig n s  and symptoms 
d isa p p ea red . Lumbar puncture perform ed a f t e r  f o r t y - e i g h t  
hours produced a c l e a r  and s t e r i l e  f l u i d  w ith  a p r o t e i n  
c o n te n t  o f  150 mgm. per  100 c . c .  The drug was s top p ed  on 
the  s i x t h  day of the  c h i l d ' s  a d m iss io n  to  h o s p i t a l .  He 
r e c e iv e d  a t o t a l  o f  2 3 .0  g. o f  su lp h a n ila m id e .
The tem perature rose  to  103° P. l e s s  than tw e n ty -fo u r  
hours a f t e r  drug therapy was d is c o n t in u e d .  The p a t i e n t  
com plained o f  pain  in  the r ig h t  e a r .  There was no ev id en ce  
o f  m en ingeal i r r i t a t i o n .  There was no nuchal r i g i d i t y  or  
K e r n ig 's  s i g n .  Lumbar puncture produced an o p a le s c e n t  but  
s t e r i l e  f l u i d .  Su lphanilam ide was recommenced.
W ithin f o r t y - e i g h t  hours the tem perature retu rn ed  to  
normal and the f l u i d  became c l e a r  and s t e r i l e .  He com plained  
o f  earache f o r  s e v e r a l  days. Mr. Syme examined the p a t i e n t ' s  ! 
e a r s  and pronounced them norm al. The drug was stopped  a f t e r  j 
a p e r io d  o f  sev en  days when a t o t a l  o f  3 9 . 0  g. had been
if
a d m in is te r e d .
Tfetble 1 1 . |
Case 1 (Group 111) j!
Day o f  Premon- C erebro- Menin- Durat- Total’S
Recrud- i l l -  i t a r y  Temp, spinal geal io n  in  Dosage1
e sce n c e  n e s s  s i g n s  F lu id __________  s ig n s  Days ofDrug
_____________________________  Character DF C_________________________
1 s t .  9 th  Farache 103°F . C^ alfBsent -  -  Absent 3 39 gm i
2 nd. 17th  " 101°F. " -----Marked h b 2 . 5 " t
3 rd. 27 th  ' " 102°F. " -  + alight 3 18 » .j
h t h  3 8 th _________11 1 0 1 °g . " -  + S l i g h t  9 58 » ,'
j
DF = D ir e c t  F ilm . C = C ulture  on b lo o d  a g a r .
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In ta b le  I I  i s  recorded  d e t a i l s  o f  the f i r s t  recru d escen ce  
and th r ee  subsequent recrudescend.es which recurred  on the  
n i n t h ,  s e v e n te e n th ,  tw e n ty -se v e n th  and t h i r t y - e i g h t h  days o f  
i l l n e s s  r e s p e c t i v e l y .  In each one ex cep t  the t h ir d  where 
the drug was changed to  s u lp h a p y r id in e , su lph an ilam ide  was 
a d m in is te r e d .  In a l l ,  the p a t i e n t  r e c e iv e  d 1 3 7 .5  g* o f  
sulphonamide drugs. No t o x i c  e f f e c t s  were o b serv ed .
The f i r s t  recru d escen ce  o f  the  d i s e a s e  occu rred  w ith in  
tw e n ty - fo u r  hours o f  s to p p in g  the drug, the  second and t h ir d  
w it h in  f o r t y - e i g h t  h o u r s ,  w h ile  in  the  fo u r th  th ere  was an 
i n t e r v a l  o f  fo u r  days* q u iescen ce  f o l lo w in g  stoppage o f  
th e ra p y . I t  w i l l  he observed  th a t  in  the  l a s t  two the  
m eningococcus was ob ta in ed  i n  c u l tu r e  from the c e r e b r o s p in a l  
f l u i d .
I t  i s  o f  i n t e r e s t  to  note  that p r io r  to  r e a c t i v a t i o n  o f  the  
i n f e c t i o n  the p a t i e n t  com plained o f  p a in  in  the f i g h t  e a r .  This 
was fo l lo w e d  by e l e v a t i o n  o f  tem p era tu re , an o p a le s c e n t  
c e r e b r o s p in a l  f l u i d  and, w ith  one e x c e p t io n ,  an e x a c e r b a t io n  
o f  s ig n s  and symptoms. Repeated exam in ation s f a i l e d  to  
d e t e c t  the p resen ce  o f  d is e a s e  in  e i t h e r  e a r .  There was no 
mafetoid te n d e r n e s s .  I t  may be th a t  a l o c a l i s e d  c o l l e c t i o n  o f  
pus a t  the base o f  the  b r a in  was r e s p o n s ib le  f o r  the  a u r a l  
symptoms and the recru d escen ce  which fo l lo w e d .
F o llo w in g  the fo u r th  and l a s t  recru d escen ce  which proved to  
be o f  lo n g e r  d u ra tion  than th o se  p r e c e d in g ,  the s ig n s  and 
symptoms p e r s i s t i n g  f o r  n ine d a y s ,  the c h i ld  made a good  
r e c o v e r y .  There were no c o m p l ic a t io n s .  H is s ta y  in  h o s p i t a l
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was p ro lon ged  to  th ree  months owing to  the development o f
mumps. th en  l a s t  seen  one month a f t e r  d i s m is s a l  he was
e n jo y in g  p e r f e c t  h e a l t h .
2) L.R. -  fem ale  aged seven  y e a rs  was adm itted  to h o s p i t a l
on the s i x t h  day o f  i l l n e s s .  She was m oderate ly  i l l  on
ad m iss io n  w ith  nuchal r i g i d i t y ,  a p o s i t i v e  K ern ig ’ s s i g n  aria
marked l a h i a l  h e r p e s .  Temperature 99°  p . ,  p u lse  ra te  128,
r e s p i r a t i o n  r a te  3 8 . Lumbar puncture pro diace d an o p a le s c e n t
f l u i d  c o n ta in in g  numerous i n t r a -  and e x t r a c e l l u l a r  m en in g o co cc i.
p r o te in  c o n te n t  o f  c e r e b r o s p in a l  f l u i d ,  2 6 g mgm. p er  1 0 0  c . c .
R e covery  was r a p id . Temperature re tu rn ed  to  normal w ith in
two days o f  the i n s t i t u t i o n  o f  drug th e r a p y ,  and s ig n s  and
symptoms had d isap p eared  by the t h ir d  day. *The c e r e b r o s p in a l
f l u i d  was s t e r i l e  w i t h in  f o r t y - e i g h t  hours and was c r y s t a l
c l e a r  a t  the  end o f  n in e  ty  - s i x  hou rs . The drug was s top p ed
a t  the  end o f  the s i x t h  day when the p a t i e n t  had r e c e iv e d
a t o t a l  o f  2 2 . 0  grm. o f  su lp h a n ila m id e .
On the sev en th  day, l e s s  than tw e n ty - fo u r  hours a f t e r  the
drug was d is c o n t in u e d ,  the p a t ie n t  complained o f  p a in  in  the
m a sto id  area  on the r ig h t  s i d e .  The tem perature rose  to  101° f*.
or e a c h in g  a maximum o f  103*8 F . , and the s ig n s  and symptoms 
o f  c e r e b r o s p in a l  f e v e r  re tu r n e d . Lumbar puncture r e v e a le d  
an o p a le s c e n t  f l u i d .  Scanty  i n t r a c e l l u l a r  m en ingococci were 
se en  in  the d i r e c t  smear. There was no growth o f  organism s  
on c u l t u r e . Su lphanilam ide was recommenced i n  d oses  o f
1 . 0  gm. Lj.-hourly.
The rec ru d e sce n c e  l a s t e d  f o r  s i x  d ays . ' Lumbar p u n ctu re
/
was perform ed a t  U S-hourly  in t e r v a l s *  A f te r  fo u r  days the
c e r e b r o s p in a l  f l u i d  though s t e r i l e ,  remained o p a le scen t*
(
Drug r e s i s t a n c e  was su sp e c te d  and su lp h a p y r id in e  was su b s t i tu te d *
By the end o f  the s i x t h  day the  tem perature retu rn ed  to  normal,
the c e r e b r o s p in a l  f l u i d  became c l e a r  and s t e r i l e  and s ig n s  and
symptoms d isa p p ea r ed . The p a t i e n t  su b se q u e n t ly  made a good
r e c o v e r y .  Her d i s m is s a l  a f t e r  tw e n ty -e ig h t  days s ta y  in.
h o s p i t a l  was d e lay ed  owing to  a h igh  c e l l  count o b ta in ed  in
the f i r s t  d i s m is s a l  specimen ©f c e r e b r o s p in a l  f l u i d . '
I t  w i l l  be ob served  th a t  l ik e  the p r e v io u s  c a s e ,
r e a c t i v a t i o n  o f  the i n f e c t i o n  was preceded  by a u r a l  symptoms.
Group V -  Sulx^hapyridine.
1) J .  T. -  fem ale aged one y ea r  was a d m itted  to  h o s p i t a l
on the f i r s t  day o f  i l l n e s s .
This p a t i e n t  who e x h ib i t e d  a recru d escen ce  of the
i n f e c t i o n  on her  n in th  day o f  i l l n e s s  d ie d  f o l lo w in g  the
developm ent o f  xmeumococeal m e n in g i t i s .  The case  w i l l  be
d e sc r ib e d  b r i e f l y .  A more d e t a i l e d  a ccou n t w i l l  be found
i n  Qhapder V l l  i n  the a n a l y s i s  o f  f a t a l  c a s e s .
The i n f a n t  was a c u t e ly  i l l . o n  a d m iss io n  to  h o s p i t a l .  There
was a r e c e n t  h i s t o r y  o f  c o n v u ls io n s .  Nuchal r i g i d i t y  was
p r e s e n t  but K e m ig 's  s i g n  was d o u b t fu l .  The a n t e r io r
o
f o n t a n e l l e  was not b u lg in g .  Temperature 102 p . ,  p u lse  r a te
l 6o, r e s p i r a t i o n  ra te  3 6 . Lumbar puncture r e v e a le d  a tu r b id  
f l u i d  h e a v i ly  i n f e c t e d  w ith  i n t r a -  and e x t r a c e l l u l a r  
m en in g o c o cc i .  P r o te in  c o n te n t  o f  c e r e b r o s p in a l  f l u i d  
500 mgrn. p er  1 0 0  c . c .
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Primary p y r e x ia  co n tin u ed  u n t i l  the fo u r th  day of  
tr e a tm e n t• S ig n s  and symptoms su b s id ed  on the t h ir d  day. 
Lumbar puncture was performed a t  US-hourly i n t e r v a l s .  The 
c e r e b r o s p in a l  f l u i d  was s t e r i l e  w ith in  f o r t y - e i g h t  h ou rs , but  
was not pronounced c le a r  u n t i l  the sev en th  day o f  tr e a tm e n t , 
when the drug was stop p ed . The p a t i e n t  had r ec e iv ed  a t o t a l  
o f  2 .3* 0  gin- su lpha p y r id in e  •
W ithin  tw e n ty - fo u r  hours of the c e s s a t i o n  o f  drug therapy  
the tem perature rose  to  103° F . , and s ig n s  and symptoms 
in c lu d in g  l a b i a l  h erp es  retu rn ed . Lumbar puncture r e v e a le d  
an o p a le s c e n t  f l u i d  which y i e ld e d  m eningococcus c o lo n ie s  on 
c u l t u r e .  S u lp h ap yrid in e  was recommenced.
S ign s  and symptoms d isap p eared  a t  the end o f  the third, 
day o f  the recru d escen ce  and on the  f i f t h  day the f l u i d  was 
pronounced c l e a r  and s t e r i l e .  Su lp h ap yrid in e  was co n tin u ed  
u n t i l  the e ig h t h  day when the p a t i e n t  had r e c e iv e d  a t o t a l  o f  
2k • 0 gm.
The subsequent retu rn  o f  the  s ig n s  and symptoms during
/
the t h ir d  week o f  the p a t i e n t ’ s i l l n e s s  fo l lo w e d  by a f a t a l  
i s s u e  was a s s o c i a t e d  with a mixed i n f e c t i o n  o f  the meninges  
w ith  the m eningococcus and pneumococcus.
2) M.S. -  fem ale  aged t h i r t y - o n e  y e a r s  was ad m itted  to  
h o s p i t a l  on the  fo u r th  day o f  i l l n e s s .  She was a c u t e ly  i l l  
on a d m iss io n , d e l i r i o u s  and com atose . Temperature 101° F. , 
p u ls e  ra te  100 , r e s p ir a t io n  ra te  2 8 .  There were p r e se n t  
nuch al r i g i d i t y ,  head r e t r a c t i o n  and a p o s i t i v e  E e r n ig ’ s s i g n .
Lumbar puncture produced a t u r t i d  f l u i d  under p ressu re  
c o n ta in in g  abundant x n tr a -  and e x t r a c e l l u l a r  m en in gococc i.  
Blood c u l tu r e  was s t e r i l e *
The i n f e c t i o n  responded w e l l  to  sulpha£>yridine. The 
tem perature r e tu r n e d  to  normal a f t e r  two d a y s ,  and w ith  the  
e x c e p t io n  o f  a p o s i t i v e  K ern ig f s s i g n ,  a l l  s ig n s  and symptoms 
had d isa p p ea r ed  by the  fo u r th  day* The c e r e b r o s p in a l  f l u i d  
was tu r b id  and i n f e c t e d  w ith  organisms a f t e r  f o r t y - e i g h t  
h o u r s ,  bu t was pronounced c l e a r  and s t e r i l e  a t  the  end o f  
n i n e t y - s i x  h o u r s ’ treatm ent* The drug was sto p p ed  on the  
se v e n th  day when a t o t a l  o f  515  grammes o f  su lp h a p y r id in e  had 
been ad m in istered *
On the e ig h th  day o f  ad m iss ion  to  h o s p i t a l ,  tw e n ty - fo u r  
hours a f t e r  the  drug was d iscon tin u ed , the tem perature rose  
to  100° F . , and s ig n s  and /
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and symptoms in c r e a se d  in  s e v e r i t y . Lumbar puncture r e v e a le d
an o p a le s c e n t  f l u i d  c o n t a in in g  sc a n ty  i n t r a c e l l u l a r  m eningococci*
S u lp h ap yrid in e  was recommenced.
The recru d escen ce  in  t h i s  case  i s  o f  i n t e r e s t  on accou nt  
o f  i t s  d u r a t io n ,  the manner i n  which i t  was f i n a l l y  c o n t r o l l e d ,
j
and the subsequent recovery  o f  the p a t ie n t  f r e e  o f  c o m p lic a t io n s*  j
S ig n s  and symptoms in c lu d in g  p y rex ia  were p r e se n t  over a j
i
p e r io d  o f  t h i r t y - s e v e n  days d e s p i t e  in t e n s i v e  drug th era p y . j
D e t a i l s  o f  the  course o f  the i n f e c t i o n  are shown in  Table 111 . j
I
I;
R ecrudescence o f  the  i n f e c t i o n  occurred  on th e  e le v e n th  day 
o f  i l l n e s s .  Su lphanilam ide was s u b s t i t u t e d  f o r  su lp h a p y r id in e  j
!l
\
on the s i x t e e n t h  day o f  i l l n e s s .  S ix  days e la p s e d  w ith  no j
improvement i n  the  p a t i e n t ’ s c o n d i t io n .  She com plained o f  a
a p e r s i s t e n t  headache and s u f f e r e d  p e r io d s  o f  m ental c o n fu s io n .  
On the tw e n ty -se c o n d  day o f  i l l n e s s  su lph an ilam ide  and 
su lp h a p y r id in e  were a d m in is ter ed  c o n c u r re n t ly  i n  a dose o f
1 .0  gramme o f  each drug a t  fo u r -h o u r ly  i n t e r v a l s .  This 
procedure was co n t in u ed  f o r  one week w ith ou t any a p p rec iab le  
e f f e c t  upon the course  o f  the i n f e c t i o n .  Drug therapy was 
d is c o n t in u e d  over the f o l lo w in g  two d ays . On the t h ir t y - s e c o n d  
day o f  i l l n e s s  10  c . c .  a n t i -m e n in g o c o c c a l  serum fo l lo w e d  by 
1 0  c . c .  o f  a 0 . 8  per  cen t  s o l u t i o n  o f  su lp h an ila m id e  were 
a d m in is te r e d  i n t r a t h e c a l l y .  The p a t i e n t  f o r  the  f i r s t  time  
during  the recru d escen ce  showed s ig n s  o f  improvement, a lth ou g h  
s ig n s  o f  m en in gea l i r r i t a t i o n  p e r s i s t e d .  The tem perature  
rem aining u n s e t t l e d  i t  was d e c id ed  to  continu e  the s im u ltan eou s  
a d m in is t r a t io n  o f  su lp h an ilam id e  and su lp h a p y r id in e  on the  
t h i r t y - f i f t h  day o f  i l l n e s s .  On the same day the p a t i e n t  was 
g iv e n  by the i n t r a t h e c a l  route  15  c . c .  o f  her  own b lo od  serum. 
W ithin th ree  days the c e r e b r o s p in a l  f l u i d  was c l e a r  and s t e r i l e .  
The ajjpearance o f  a iSormal f l u i d  c o in c id e d  w ith  a normal 
tem perature and the  d isappearance  o f  s ig n s  and symptoms. 
Su lph ap yr id in e  and su lp h an ilam id e  were c o n t in u e d  i n  g r a d u a l ly  
d im in ish in g  d oses  f o r  a fu r t h e r  p e r io d  o f  t e n  days i n  order  to  
f o r e s t a l l  any p o s s i b i l i t y  o f  r e a c t i v a t i o n  o f  the i n f e c t i o n .
The p a t i e n t  was d is m is se d  from h o s p i t a l  f i f t y - f i v e  days 
a f t e r  h er  a d m iss io n . D ism is s a l  lumbar puncture showed a s l i g h t  
in c r e a s e  in  c e l l s  and a p r o t e in  c o n te n t  o f  100  mg. per  1 0 0  c . c .  
She re tu r n e d  to  h o s p i t a l  a t  f o r t n i g h t l y  i n t e r v a l s  over a p e r io d
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o f  two months. No c o m p lic a t io n s  d eve lop ed  and she en joyed  
p e r f e c t  h e a l t h .
A stu d y  o f  the b a c t e r i o l o g i c a l  f in d in g s  i n  t h i s  ca se  
shows th a t  a specim en o f  c e r e b r o s p in a l  f l u i d  o b ta in ed  on the  
tw e n ty - fo u r th  day o f  treatm en t was as tu r b id  and a s  h e a v i ly  
i n f e c t e d  w ith  m eningococci as th a t  o b ta in ed  on the p a t i e n t * s  
ad m iss ion  to  h o s p i t a l .  I n v e s t ig a t io n s  c a r r ie d  out a t  t h i s  
time by one o f  my c o l le a g u e s  showed adequate c o n c e n tr a t io n s  
o f  su lp h an ilam id e  i n  the b lo o d ,  u r in e ,  and c e r e b r o sp in a l  
f l u i d .  I t  appears e v id e n t  th a t  th ere  had deve lop ed  i n s e n s i t i v e  
m eningococci upon which the sulphonamide drugs employed 
produced l i t t l e  or no e f f e c t .
In s p i t e  o f  the m ass ive  dosage of sulphonamideS  
a d m in is te r e d ,  the  p a t ie n t  r e c e iv e d  a t o t a l  o f  3 3 9 * 5 8  grammes, 
th e r e  were no s e r io u s  t o x i c  symptoms. B lood exam in ation s  
in c lu d in g  w h ite  c e l l  cou n ts  and d i f f e r e n t i a l  c e l l  counts  
were c a r r ie d  out a t  fre q u en t  i n t e r v a l s .  There was no 
ev id en ce  o f  a g r a n u lo c y t o s i s .
Cases such as the one d e sc r ib e d  which l i n g e r  on f o r  
s e v e r a l  weeks commonly term in ate  f a t a l l y  due to  in t e r n a l  
h yd rocep h a lu s . I t  i s  remarkable th a t  the  b r a in  sh o u ld  
have escap ed  s e r io u s  s t r u c t u r a l  damage. The subsequent  
improvement and recovery  f o l lo w in g  the i n t r a t h e c a l  i n j e c t i o n  
o f  the p a t i e n t ’ s own serum s u g g e s t s  th a t  had t h i s  procedure  
b een  adopted e a r l i e r ,  the course  o f  the d i s e a s e  m ight have 
b een  m o d if ie d .  S e v e r a l  w r i t e r s  have ad vo ca ted  i t s  use on 
the  grounds th a t  th ere  i s  a com plete absence o f  complement
/
in  the  c e r e b r o s p in a l  f l u i d .  R eference  has a lrea d y  been made 
to  the rep o rt  o f  Mackenzie and M artin (1908)•  R ecen tly  
Thomas (1940) described* a f a t a l  case  o f  r e la p s in g  c e r e b r o sp in a l  
f e v e r  i n  an a d u lt  fem ale  aged f o r t y  y e a r s  which f a i l e d  to  
respond  to  a p ro lo n g ed  course o f  su lp h an ilam id e  and 
su lp h a p y r id in e .  The in t r a t h e c a l  i n j e c t i o n  o f  a n t im en in goco cca l  
serum, and serum from c o n v a le sc e n t  c a s e s  was fo l lo w e d  by  
temporary improvement. I t  would seem a d v is a b le  in  c a se s  
where f a i l u r e  o f  chemotherapy i s  e v id e n t ,  to  employ th e se  
methods a t  an e a r ly  d a te .  Thereby the  dangers a s s o c i a t e d  
w ith  p ro lo n g ed  m e d ic a t io n  m ight be a v o id ed .
R e la p s e s .
Group 111 -  Su lp h an ilam id e .
1) J.G . -  male aged f i v e  y e a r s  ad m itted  to  h o s p i t a l  
on the  secon d  day o f  i l l n e s s .  This c a se  which term in a ted  
f a t a l l y  due to  the development o f  i n t e r n a l  hydrocephalus i s  
d e s c r ib e d  f u l l y  i n  Chapter ¥ 1 1 , The i n f e c t i o n  was 
c h a r a c t e r i s e d  by s lo w  r e s o l u t io n  o f  the d i s e a s e d  p r o c e s s e s .
The resp onse  to  su lp h an ila m id e  was poor b oth  c l i n i c a l l y  and 
i n  the c e r e b r o s p in a l  f l u i d .  S ig n s  and symptoms d id  not  
d isa p p ear  u n t i l  the t e n th  day. M ed ication  was co n tin u ed  f o r  
f o u r t e e n  days. The c h i l d  made a good reco v ery  and was 
d isc h a r g e d  w e l l  one month a f t e r  ad m iss ion  to  h o s p i ta l*
The p a t ie n t  was read m itted  t o  h o s p i t a l  f o r  i n v e s t i g a t i o n  
s i x  weeks l a t e r .  The c l i n i c a l  h i s t o r y  o b ta in ed  from h i s  
m other i s  as  f o l lo w s :  i t  appears th a t  th e  c h i l d  en joy ed  good 
h e a l t h  during the fo u r  weeks f o l l o w i n g  h i s  d i s c h a r g e  from /
151 -
/
f rom h o s p i t a l .  At t h e  end o f  t h i s  p e r i o d  the m other  
n o t ic e d  a change. He became l i s t l e s s ,  a p a t h e t i c ,  and 
drowsy. This she a t t r ib u t e d  to  la c k  o f  s l e e p  o c ca s io n ed  
by fr e q u e n t  a i r - r a i d s .  I t  was not u n t i l  two weeks l a t e r  
th a t  the p a t i e n t  complained o f  s t i f f n e s s  o f  the neck and 
h ead ach es. F o llo w in g  a c o n v u ls iv e  s e iz u r e  the  c h i ld  was 
tak en  by the  mother to  the Royal H o sp ita l  f o r  S ick  C hild ren ,
He was t r a n s f e r r e d  to  R u e h i l l  H o sp ita l  tw e n ty -fo u r  hours la te r *
On a d m iss io n  the p a t i e n t  looked  w e l l .  He was w e l l  
n o u r ish ed  and o f  good, c o lo u r .  Temperature 98.1}-° F . , 
p u lse  r a te  1 1 6 , r e s p ir a t io n  r a te  2k* There was no ev id en ce  
o f  m eningeal i r r i t a t i o n .  Lumbar puncture produced an 
o p a le s c e n t  f l u i d  under s l i g h t l y  in c r e a se d  p r e s s u r e .  Ho 
organism s were o b ta in ed  i n  the d ir e c t  f i l m  or on c u ltu r e  
on b lo o d  a g a r .  S igh s and symptoms d eve lop ed  f i v e  days l a t e r ,  
w ith  t w i t c h in g  o f  the f a c i a l  m u sc les  on the l e f t  s i d e .
I r r i t a t i v e  phenomena r a p id ly  in c r e a se d  i n  d i s t r i b u t i o n  and 
s e v e r i t y  from a g e n e r a l  motor r e s t l e s s n e s s  to  v i o l e n t  
c o n v u ls iv e  movements in v o lv in g  the  upper and low er l im b s .
The c o n d i t io n  a t  t h i s  s ta ge  s im u la te d  an advanced Sydenham1s 
ch orea . Extreme e x h a u s t io n  and a l a m i n g  em a c ia t io n  f o l lo w e d .  
S e d a t iv e s  f a i l e d  to  c o n t r o l  the c o n v u ls iv e  s e i z u r e s  which  
became c o n t in u o u s .  Death took  p la c e  on the e le v e n th  day a f t e r  
the  p a t i e n t ’ s  rea d m iss io n  to  h o s p i t a l .  P ost  mortem exam in ation  
r e v e a le d  an i n t e r n a l  hyd rocep h a lu s .
R elapse  o f  the i n f e c t i o n  a p p a ren tly  occu rred  fo u r  weeks 
a f t e r  the c h i ld  had been d isc h a r g e d  from h o s p i t a l .  The /
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The c o n d i t io n  was a l lo w ed  to go u n tre a ted  f o r  a p e r io d  o f  
two w eeks. Had the  p a t i e n t  in  the normal course o f  e v e n ts  
"been brought to  h o s p i t a l  f o r  exam ination* r e a c t i v i t y  o f  the  
i n f e c t i o n  m ight have been r e c o g n ise d  and recovery  e f f e c t e d .  
Group V -  Su lphapyrid ine*
1) M.S. -  fem ale aged e ig h t  months was adm itted  to  
h o s p i t a l  on the t h i r d  day o f  i l l n e s s .  The c h i ld  was 
m od era te ly  i l l  on ad m iss ion  to  h o s p i t a l .  Temperature 101° P . , 
p u lse  r a te  llj.0, r e s p i r a t i o n  ra te  3 0 .  There were p r e se n t  
s l i g h t  nuchal r i g i d i t y ,  head r e t r a c t i o n  and p o s i t i v e  K ern ig 's  
s i g n .  Lumbar puncture r ev e a le d  a tu r b id  f l u i d  c o n ta in in g  
numerous i n t r a -  and e x t r a c e l l u l a r  m en in g ococc i.  P r o te in  
c o n te n t  o f  the c e r e b r o s p in a l  f l u i d ,  1 5 0  mgm. per  1 0 0  c . c .
The i n f e c t i o n  responded w e l l  to  s u lp h a p y r id in e .  Primary 
p y r e x ia  l a s t e d  f o r  f i v e  days. S ign s  and symptoms d isappeared  
w it h in  th ree  d ays . Ther c e r e b r o sp in a l  f l u i d  became o p a le sc e n t  
and s t e r i l e  a f t e r  f o r t y - e i g h t  hours and c le a r  w i th in  n i n e t y - s i x  
h ou rs . S u lph apyrid in e  was d is c o n t in u e d  f i f t e r  n ine days.
H elapse o f  the i n f e c t i o n  occurred  two weeks a f t e r  s ig n s
and symptoms had d isap p ea red . On th e  n in e te e n th  day o f
i l l n e s s  the tem perature rose  to 102° P. rea ch in g  a maximum 
oo f  10l+ P. w ith in  tw e lve  hou rs . There were no s ig n s  o f  
m eningea l i r r i t a t i o n .  Lumbar puncture produced an o p a le sc e n t  
b u t s t e r i l e  f l u i d .  Su lph apyrid in e  was a d m in is tered  by 
mouth•
The tem perature returned  to  normal w ith in  tw e n ty -fo u r  
h o u rs .
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Lumbar puncture was performed a t  US-hourly in t e r v a l s *
The second specimen was o p a le scen t*  Ho organism s were 
i d e n t i f i e d  on the d i r e c t  smear hut th ere  was a sc a n ty  growth 
o f  m eningococcus c o lo n ie s  on c u l t u r e .  Two days l a t e r  a 
normal c e r e b r o s p in a l  f l u i d  was o b ta in e d .  The drug was 
d is c o n t in u e d  a f t e r  the s i x t h  day.
The case i s  o f  i n t e r e s t  on accou nt o f  the absence o f  
1 m en in gea l i r r i t a t i o n .  There was no nuchal r i g i d i t y  and 
K ernig*s s ig n  was n e g a t iv e .  Sudden p y r e x ia  was the f i r s t  
i n d i c a t i o n  o f  r e a c t i v a t i o n  o f  the d i s e a s e .  The importance  
o f  lumbar puncture under th e se  c ircu m stanced  i s  o b v io u s .
2) E.MfD. -  fem ale  aged tw enty y e a rs  was a d m itted  to  
to  h o s p i t a l  on the f i r s t  day o f  i l l n e s s .  The p a t i e n t  was
a c u t e l y  i l l  on a d m iss io n ,  d e l i r i o u s  and m aniacal* Temperature
o
103*3 F . , p u ls e  r a te  96 ,  r e s p i r a t i o n  r a te  22* There 
were p r e se n t  w e l l  marked nuchal r i g i d i t y  and a p o s i t i v e  
K ern ig ’ s s i g n .  Lumbar puncture produced a tu r b id  f l u i d  
c o n t a in in g  abundant i n t r a -  and e x t r a c e l l u l a r  m en in g o c o cc i .
B lood  c u l tu r e  was s t e r i l e .
A f te r  th ree  days* treatm ent s ig n s  and symptoms d isap p eared .
R e so lu t io n  as judged by the c e r e b r o sp in a l  f l u i d  f in d in g s  
was s lo w . The c e r e b r o s p in a l  f l u i d  remained tu r b id  and 
i n f e c t e d  w ith  m en ingococc i u n t i l  the f i f t h  day o f  tr e a tm en t .
I t  d id  not become c l e a r  and s t e r i l e  u n t i l  a f t e r  the sev en th  
day* The drug was stopped on the e ig h th  day. Normal 
c o n v a le s c e n c e  f o l lo w e d .
On the t w e n t y - f i r s t  day o f  i l l n e s s  and fo u r te e n  days a f t e r  
a l l  s i g n s  and symptoms had d isa p p ea r ed , d i s m is s a l  lumbar /
organisms were found e i t h e r  i n  the d ir e c t  f i l m  or on cu ltu re*
oThe same ev en in g  the  tem perature rose  to 101 .6  F. There 
were no o th e r  s ig n s  or symptoms o f  d i s e a s e .  Su lphapyrid ine  
was a d m in is ter ed  "by mouth.
ly r e ^ ia  c o n t in u ed  f o r  a p e r io d  o f  f o r t y - e i g h t  hours*
P a l l  i n  tem perature c o in c id e d  w ith  the  appearance o f  a c le a r  
and s t e r i l e  f l u i d .  The drug was co n t in u ed  u n t i l  the s i x t h  
day. The p a t i e n t  v/as d ism is se d  w e l l  a few  days l a t e r .  A 
normal c e r e b r o s p in a l  f l u i d  was o b ta in ed  p r io r  to  d isch arge  
from h o s p i t a l .
Like the p r e v io u s  c a se  th ere  was an absence o f  s ig n s  o f  
m eningeal i r r i t a t i o n .  The r e la p s e  was d is c o v e r e d  p r io r  to  the  
r i s e  i n  tem perature in  the  cou rse  o f  r o u t in e  d i s m is s a l  lumbar 
p u n ctu re .
Comment.
R ecru d escen ce .
There were f i v e  in s ta n c e s  o f  recru d escen ce  o f  the i n f e c t i o n  
i n  the  256  t r e a t e d  c a s e s ,  r e p r e s e n t in g  an in c id e n c e  o f  1 .9 5  
p er  c e n t .  A study o f  the r ecru d escen t  c a s e s  s u g g e s t s  th a t  
t h i s  f ig u r e  m ight have been  f u r th e r  reduced had the  d u ra t io n  
o f  th erap y  been more p ro lon g ed .
A stu d y  of the ta b le  i n d ic a t in g  d u ra t io n  o f  therapy  
(Chapter l i p . +8) shows th a t  i n  s i x t y - s i x  out o f  a t o t a l  o f  219 
r e c o v e r e d  c a s e s  the  p e r io d  o f  drug treatm ent v a r ie d  between  
f i v e  and sev en  days . In  fo u r  out o f  the  f i v e  r ec ru d e sce n t  
c a s e s ,  one o f  which proved f a t a l  due to  a mixed i n f e c t i o n  o f
o f  d r a g  t r e a t m e n t .  I t  w i l l  be s e e n  t h e r e f o r e  t h a t  r e c ru d e s c e n c e  
o f  th e  i n f e d t i o n  was w i t h  one e x c e p t i o n  c o n f i n e d  to  t h a t  g roup  
o f  p a t i e n t s  who r e c e i v e d  a r e l a t i v e l y  s h o r t  c o u rs e  o f  chemo­
t h e r a p y .  F u r t h e r  e x a m in a t io n  o f  t h i s  g roup  shows t h a t  a r a p i d  
and f a v o u r a b l e  r e s p o n s e  t o  th e  d ru g  employed was c o n s i d e r e d  
s u f f i c i e n t  g roun d s  f o r  l i m i t i n g  m e d i c a t i o n  t o  s e v e n  days o r  l e s s ,  
when a l l  s i g n s  and symptoms o f  c e r e b r o s p i n a l  f e v e r  had  f o r  the  
m ost  p a r t  d - isap pea red .  I n  th e  l i g h t  o f  p e r s o n a l  e x p e r i e n c e ,  
how ever ,  i t  i s  o b v i o u s l y  a d v i s a b l e  and  i t  i s  i n  a cc o rd a n c e  
w i t h  t h e  b e s t  p r i n c i p l e s  o f  chem otherapy  t h a t ,  i n  e v e ry  c a s e  
o f  c e r e b r o s p i n a l  f e v e r  r e g a r d l e s s  o f  t h e  d eg re e  o f  i l l n e s s  o r  
r a p i d i t y  o f  r e c o v e r y ,  t h e  minimum p e r i o d  of  d ru g  t h e r a p y  s h o u l d  
be l i m i t e d  t o  t e n  d a y s .  I f  t h i s  p r a c t i c e  i s  a d o p te d  t h e r e  
i s  no d o u b t  t h a t  th e  number o f  r e c r u d e s c e n t  c a s e s  w i l l  be 
r e d u c e d  t o  a minimum.
I t  w i l l  be noted  t h a t  in  a l l  c a s e s  r e a c t i v a t i o n  o f  the  
i n f e c t i o n  occu rred  w ith in  tw e n ty -fo u r  hours o f  com p letion  o f  
the i n i t ia l  course  o f  tre a tm en t .
I n  a l l  c a s e s ,  e x a c e r b a t i o n  o f  s i g n s  and symptoms 
c o i n c i d e d  w i t h  th e  r e c o v e r y  o f  th e  m en ingococcus  from t h e  
c e r e b r o s p i n a l  f l u i d *
The d u r a t i o n  o f  t r e a t m e n t  and n o t  th e  amount o f  d rug  
a d m i n i s t e r e d  i s  o f  im p o r ta n c e  i n  th e  p r e v e n t i o n  o f  r e c r u d e s c ­
ence o f  th e  i n f e c t i o n .
Where f a i l u r e  o f  chem o the rap y  i s  e v i d e n t  t h e  i n t r a t h e c a l
'
a d m i n i s t r a t i o n  o f  a n t i m e n i n g o c o c c a l  serum and  th e  p a t i e n t ' s
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own serum may p rove  t o  be o f  va lue*  On th e  o t h e r  ha&cL 
l a c k  o f  r e s p o n s e  may be due t o  th e  p r e s e n c e  o f  m en ingococc i  
i n s e n s i t i v e  t o  th e  chemothe rap e  o t i c  a g e n t  employed* In
t h e s e  c a s e s  t h e  d ru g  s h o u ld  be r e p l a c e d  by a n o t h e r  
s u l p h a n i l a m i d e  d e r i v a t i v e .  I t  i s  p r o b a b l e  t h a t  a c o m b in a t io n  
o f  serum and  su lphonam ide  d rugs  i s  t h e  b e s t  method o f  
t r e a t m e n t  i n  p r o t r a c t e d  c a s e s .
R e l a p s e .
There were t h r e e  i n s t a n c e s  o f  r e l a p s e  o f  th e  i n f e c t i o n  
i n  th e  256 t r e a t e d  c a s e d ,  r e p r e s e n t i n g  a n  i n c i d e n c e  o f  
1 .1 7  p e r  c e n t .
I n  one o u t  o f  th e  t h r e e  c a s e s  th e  meningococcus was 
r e c o v e r e d  from t h e  c e r e b r o s p i n a l  f l u i d .
I t  i s  im jx j r ta n t  t o  n o te  t h e  a bsen ce  o f  o bv ious  c l i n i c a l  
s i g n s  o f  m e n in g e a l  i r r i t a t i o n  i n  t h e  r e l a p s e d  c a s e s  when 
f i r s t  s e e n .  The f i r s t  c a se  lo o k e d  h e a l t h y  on r e a d m is s i o n  
t o  h o s p i t a l .  An o p a l e s c e n t  c e r e b r o s p i n a l  f l u i d  was th e  
o n ly  e v id e n c e  t h a t  a l l  was n o t  well*. The seco n d  case  was 
d i s c o v e r e d  f o l l o w i n g  sudden p y r e x i a ,  w h i l e  i n  t h e  t h i r d  c a se  
r o u t i n e  d i s m i s s a l  lum bar  p u n c tu r e  p r o v i d e d  th e  o n ly  e v id e n c e  
o f  r e l a p s e  o f  the  i n f e c t i o n .  The p a t i e n t s  made no c o m p l a i n t s  
o f  f e e l i n g  u n w e l l .  I n  no i n s t a n c e  were t h e r e  p r e s e n t  any 
o f  t h e  f a m i l i a r  c l i n i c a l  s i g n s  o f  th e  d i s e a s e  t o  i n d i c a t e  
t h a t  r e a c t i v a t i o n  o f  t h e  i n f e c t i o n  had  o c c u r r e d .
The s e q u e la e  o f  r e c r u d e s c e n c e  and  r e l a p s e  i n  c e r e b r o s p i n a l  
f e v e r  i s  i l l u s t r a t e d  i n  t h e  few c a s e s  r e c o r d e d  abo v e .  Tflien
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Y/hen r e a c t i v a t i o n  of t h e  i n f e c t i o n  i s  o f  l o n g  d u r a t i o n  o r  
r e p e a t e d  a t  r e g u l a r  i n t e r v a l s  a s  i n  one c a se  d e s c r i b e d  t h e r e  
i s  a d a n g e r  o f  pe rm anen t  c e r e b r a l  damage o r  h i r d r o c e p h a lu s * 
F u r th e r m o r e  t h e  lo w e re d  r e s i s t a n c e  o f  the  p a t i e n t  r e n d e r s  him 
l i a b l e  t o  f a l l  a v i c t i m  t o  s e c o n d a ry  i n f e c t i o n  such a s  
bronchopneum onia*  One case  ha s  b e e n  d e s c r i b e d  where a 
f a t a l  t e r m i n a t i o n  r e s u l t e d  from a mixed i n f e c t i o n  of  t h e  
m en inges  w i t h  t h e  m eningococcus  and  th e  pneumococcus*
I t  i s  o b v i o u s l y  of  the  g r e a t e s t  im p o r tan c e  t h a t  the  
p r e s e n c e  o f  r e c r u d e s c e n c e  and r e l a p s e  o f  th e  i n f e c t i o n  sh o u ld  
be q u i c k l y  r e c o g n i s e d  and t r e a t m e n t  i n s t i t u t e d .  The 
d i a g n o s i s  o f  r e c r u d e s c e n c e  s h o u l d  n o t  p r e s e n t  much d i f f i c u l t y *  
The r e c o g n i t i o n  o f  r e l a p s e  o f  the  i n f e c t i o n  may n o t  be easy*
Few m i s t a k e s  w i l l  be made i f  r o u t i n e  c l i n i c a l  e x a m in a t io n s  
a r e  c a r r i e d  o u t  from day t o  day ,  I t  c a n n o t  be to o  s t r o n g l y  
e m p h a s i s e d  t h a t  c o n v a l e s c e n t  p a t i e n t s  who d e v e lo p  p y r e x i a  
s h o u l d  be lumbar  p u n c t u r e d  f o r t h w i t h  even  i n  the  a bsen ce  o f  
s i g n s  o f  m e n in g e a l  i r r i t a t i o n .
A s t u d y  o f  t h e  above c a s e s  has  d e m o n s t r a t e d  the  im p o r ta n c e  
o f  c e r t a i n  e s s e n t i a l  f a c t o r s  i n  th e  management o f  a c a se  o f  
c e r e b r o s p i n a l  f e v e r ,  and  i t  i s  t o  t h e s e  f a c t o r s  t h a t  most  
a t t e n t i o n  must  be p a id  i f  t h e  c o n d i t i o n s  n e c e s s a r y  t o  promote  
t h e  r a p i d  r e c o v e r y  o f  t h e  p a t i e n t  and t o  m in im ise  th e  
o c c u r r e n c e  o f  r e c r u d e s c e n c e  and  r e l a p s e  o f  th e  i n f e c t i o n  a r e  
t o  be o b t a i n e d .  I  p ro p o se  t o  summarise b r i e f l y  th o s e  
f a c t o r s  which  have shown ' th e m s e lv e s  t o  be w or thy  o f  s p e c i a l  
c o n s i d e r a t i o n *
-  153 -
D u r a t i o n  o f  T h e ra p y .
I n  e v e r y  c ase  o f  c e r e b r o s p i n a l  f e v e r  r e g a r d l e s s  o f  th e  
d e g re e  o f  i l l n e s s  o r  r a p i d i t y  o f  r e c o v e r y  th e  minimum p e r i o d  
o f  t h e r a p y  s h o u l d  be l i m i t e d  t o  t e n  da jrs .
P y r e x i a  d u r i n g  C o n v a le s c e n c e .
I n  a l l  c a s e s  o f  p y r e x i a  d u r i n g  c o n v a le s c e n c e  from 
c e r e b r o s p i n a l  f e v e r  lumbar  p u n c tu r e  s h o u ld  be p e r fo rm ed  i n  
o r d e r  t o  e l i m i n a t e  th e  p o s s i b i l i t y  o f  r e c r u d e s c e n c e  o r  r e l a p s e  
o f  t h e  i n f e c t i o n .
D i a g n o s i s  o f  H e c r u d e s e e n e e #
R e c ru d e sc e n c e  o f  t h e  i n f e c t i o n  i s  u s u a l l y  to  be s e e n  
s h o r t l y  a f t e r  c o m p le t io n  o f  th e  i n i t i a l  c o u rs e  of  chemotherapy# 
I n  t h e  f i v e  i n s t a n c e s  r e c o r d e d ,  r e c r u d e s c e n c e  o c c u r r e d  w i t h i n  
t w e n t y - f o u r  h o u r s  o f  s t o p p i n g  th e  d ru g .  A r e c r u d e s c e n c e  
i s  r e c o g n i s e d  c l i n i c a l l y  by  a sudden e l e v a t i o n  o f  t e m p e r a t u r e  
and  th e  e x a c e r b a t i o n  o f  s i g n s  and  symptoms o f  t h e  d i s e a s e #
I t s  o c c u r r e n c e  c o i n c i d e s  w i th  th e  r e a p p e a r a n c e  o f  the  
m en ingococcus  i n  t h e  c e r e b r o s p i n a l  f l u i d .  A t t e n t i o n  w i l l
be drawn i n  a s u b s e q u e n t  c h a p t e r  t o  th e  im p o r tan c e  of
6
d i f f e r e n t i a t i n g  r e c r u d e s c e n c e  of  t h e  i n f e c t i o n  f rom  d ru g  f e v e r .  
D i a g n o s i s  o f  R e l a p s e *
R e la p se  o f  th e  i n f e c t i o n  o c c u r s  a f t e r  a minimum p e r i o d  
o f  two weeks d u r i n g  which  t im e  t h e  c e r e b r o s p i n a l  f l u i d  h a s  
b e e n  n o rm al  and a l l  s i g n s  and symptoms have b e e n  a b s e n t .  A 
r e l a p s e  i s  n o t  n e c e s s a r i l y  accom panied  by  o bv io us  c l i n i c a l  
s i g n s  o f  m e n in g e a l  i r r i t a t i o n .  I n  c o n t r a s t  t o  a r e c r u d e s c e n c e  
t h e  o n s e t  o f  a r e l a p s e  i s  o f t e n  i n s i d i o u s .  P y r e x i a  i s  n o t  
a lw ay s  p r e s e n t .  Lumbar p u n c tu r e  r e v e a l s  an o p a l e s c e n t  f l u i d
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b u t  the  . recovery o f  th e  menirigoeocciis i s  v a r i a b l e  * I t  
may be d i f f i c u l t  i n  th e  a b sen c e  o f  s i g n s  and symptoms to  
d e t e c t  th e  ppeser>ce of  r e l a p s e .  I f  t h e r e  i s  any doubt  i n  t h e  
mind o f  th e  p h y s i c i a n  a s  t o  i t s  p r e s e n c e  lumbar  p u n c tu r e  
s h o u l d  be p e r f o r m e d  f o r t h w i t h .  F a i l u r e  t o  r e c o g n i s e  the  
c o n d i t i o n  may l e a d  t o  c h r o n i c  i n f la m m a to ry  changes  and the  
s u b s e q u e n t  d eve lopm en t  o f  i n t e r n a l  h y d ro c e p h a 1os a s  h as  been  
i l l u s t r a t e d  i n  one i n s t a n c e  i n  th e  p r e s e n t  g ro u p  o f  c a s e s .  
T rea tm en t  -  c h em o th e rap y .
I n  a l l  c a s e s  o f  r e c r u d e s c e n c e  and  re laptse  t r e a t m e n t  s h o u ld  
be commenced i m m e d ia te ly  a lo n g  l i n e s  s i m i l a r  to  th e  i n i t i a l  
c o u r s e  o f  t h e r a p y .  Where r e a c t i v a t i o n  o f  t h e  d i s e a s e  i s  
p r o l o n g e d  o r  where  th e  c o u rs e  o f  t h e  i n f e c t i o n  i s  i n t e r r u p t e d  
by  one o r  more su c h  p e r i o d s  o f  r e a c t i v i t y  t h e  p o s s i b i l i t y  
o f  t h e  deve lopm en t  o f  m en ingococc i  i n s e n s i t i v e  t o  th e  
su lphonam ide  d ru g  employed s h o u l d  be bo rne  i n  mind.  In
su c h  c a s e s  i t  i s  a d v i s a b l e  t o  s u b s t i t u t e  a n o t h e r  
s u l p h a n i l a m i d e  d e r i v a t i v e  known to  be e q u a l l y  a c t i v e  a g a i n s t  
th e  m e n in g o co c cu s .
-  S e r o t h e r a p y .
I n  c a s e s  which  l i n g e r  on f o r  s e v e r a l  weeks and  w h ich  
a r e  o b v i o u s l y  n o t  r e s p o n d i n g  t o  su lp h o nam id es  th e  i n t r a t h e c a l  
a d m i n i s t r a t i o n  of  a n t i m e n i n g o e o c c a l  serum o r  th e  p a t i e n t ’ s 
own b l o o d  serum may e f f e c t  r e c o v e r y .  These methods s h o u ld  
be employed a t  an  e a r l y  d a te  i n  o r d e r  t o  d i m i n i s h  th e  r i s k  
o f  c o m p l i c a t i o n s  b o t h  of  th e  d i s e a s e  and o f  chemotherapy#
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CHAPTER VI.
SUPRABMAL HAEMORRHAGE IN CEREBROSPINAL FEVER.
(W aterhouse-Friderischen Syndrome),
The W aterhouse-Friderischen syndrome i s  a name app lied  to 
ra p id ly  f a t a l  cases o f  suprarenal haemorrhage accompanied by p rofuse 
p u rpuric  cutaneous e ru p tio n s , py rex ia , and signs o f  acu te  in fe c tio n .
In  th e  course o f  th e  p resen t in v e s tig a tio n  n ine cases have been 
seen by me which f u l f i l l  th e  above c r i t e r i a .  In  s ix  an autopsy was 
performed which confirmed th e  d iagnosis , while the  remaining th re e  
cases were so ty p ic a l th a t  a d iagnosis  on c l in ic a l  grounds was 
considered ju s t i f i a b l e  in  the  absence o f a p o st mortem examination.
The considera tion  o f  these  cases in  conjunction w ith those a lready  
rep o rted  in  th e  l i t e r a t u r e  emphasises th e  frequency with which th e  
meningococcus i s  incrim inated , and leav es  no doubt as to  i t s  being 
by f a r  the  commonest a e tio lo g ic a l  agent found in  t h i s  cond ition .
The B r i t is h  Medical Jo u rn al o f  May 10th , 1941* in  a lead in g  a r t i c l e  
on Acute B ila te ra l  Adrenal Haemorrhage, remarks, wSome 70 p e r  cent o f 
the  published  eases were asso c ia ted  w ith meningococcal in fe c t io n , and 
during the  p re sen t epidemic, o r  high endemic meningococcal prevalence, 
th e  p roportion  i s  l ik e ly  to be n ea re r 100 p e r  cent. w
Suprarenal haemorrhage was f i r s t  recognised as a c l in ic a l  e n ti ty
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by ELaker and Bailey (1901). They recorded fo u r cases a l l  under one
y ear o f  age which term inated  f a ta l ly  and which p resen ted  th e  common
fe a tu re s  o f  haemorrhage in t©  the  skin and suprarenal capsu les. The
p o s s ib i l i ty  o f haemorrhagic smallpox o f  the  fu lm inating  type was 
suggested bu t no d e f in ite  cause o f the  condition  was e s ta b lish e d . They
They r e f e r  to two s im ila r  cases recorded by Dr. Eustace Talbot 
in  the  S t. Bartholomew1 s H ospital Reports fo r  1900, and to  two 
cases repo rted  by Dr s . Andrewes, Garrod, and Drysdale in  the  
P a th o lo g ica l S ocie ty1 s T ransactions fo r  1898. L i t t l e 1 s paper 
in  1901 in  which he con tribu ted  four cases and c la s s if ie d  o th ers  
in  th e  l i t e r a t u r e  s tre s se d  the occurrence o f suprarenal 
haemorrhage and purpura in  a sso c ia tio n  w ith acute in fe c tio n s . 
These a re  the  e a r l i e s t  cases which would seem to  f i t  th e  c l in ic a l  
p ic tu re  which we recognise today as the  W aterhouse-Friderischen 
syndrome.
In  1904 Langmead repo rted  th ree  cases o f suprarenal apoplexy 
in  ch ild ren . In  a review o f th e  l i t e r a tu r e  and d iscussion  o f th e  
ae tio logy  o f  the  condition , Langmead noted a d o s e  resemblance 
between the  d i n i c a l  records o f  these  cases and o f those o f acu te  
s p e d f ic  d ise a se s  o f a m ilignan t type. KLs p o s tu la tio n  as to  th e  
p ro b a b ility  o f  a toxaemic o r ig in  was su b s ta n tia te d  by Andrewes 
(1906) who described  the  f i r s t  case o f  acute meningococcal 
septicaem ia w ith  b i la te r a l  suprarenal haemorrhage in  a male 
medical p r a c t i t io n e r ,  f i f ty - th r e e  years o f age. Meningococci 
were is o la te d  both in  blood film s and blood c u ltu re . Waterhouse 
(1911) ,  rep o rted  suprarenal apoplexy and cutaneous haemorrhages 
in  a ch ild  o f  e ig h t months and reviewed f i f te e n  o th e rs , a l l  o f 
whom had a f a ta l  te rm ination , and a l l  in fa n ts  between the  ages 
o f  two and f if te e n  months. A vailable evidence le d  Waterhouse to 
con d u d e  th a t  th e re  was some rd a t io n s h ip  between the  d isea se  and
haemorrhagic smallpox.
A tten tion  was again focused upon the  meningococcus when 
Maclagan and Cook (1916) described  th e i r  experience o f the  
fu lm inating  type o f  cerebrosp inal fever met w ith in  th e  epidemic 
o f  1914-16. They noted th e  combination o f purpuric  rashes and
suprarenal haemorrhage in  a t  l e a s t  ten of th e ir  cases. They 
comment, "The presence o f acute haemorrhagic a d re n a l i t is  although 
n o t confined to cerebrosp inal fever i s  so common in  th a t  d isease  
as to  suggest a s e le c tiv e  action  by the  meningococcus on the
chromaffin c e l l s  " N e tte r and S a lan ie r (1917) were able to
dem onstrate th e  presence o f meningococci in  the  purpuric  elements 
o f meningococcal in fe c tio n . F riderisehen  (1918) summarised the  
l i t e r a t u r e  and published  two cases o f h is  own. The t i t l e  which 
th e  syndrome came to  assume from th i s  tim e i s  an example o f the 
v ag arie s  which apply the name "W aterhouse-Friderischen" to  a 
condition  r e a l ly  f i r s t  described by o th e rs .
A study o f  th e  l i t e r a t u r e  from 1916 onwards shows th a t 
where b a c te r io lo g ic a l in v e s tig a tio n s  were ca rried  o u t, the 
meningococcus has proved to be the most frequent a e tio lo g ie s !  agent; 
indeed th e  common asso c ia tio n  o f acute meningococcal in fe c tio n  
has le d  A egerter (1936)*in  h is  review o f the l i t e r a t u r e ,  to question 
those b a c te r io lo g ic a l find ings which would in c rim in a te  so many 
d if f e r e n t  and u n re la te d  organisms in  the  W aterhouse-Friderischen 
syndrome. I t  has to be noted in  th e  published re p o rts  o f  the  
syndrome where th e  maningococcus i s  involved, such as those o f 
H errick (192L), M iddleton and Duane ( I929) ,  Foucar (1936) ,
Cullum ( I938) f an<* Grace e t  a l .  (1940), to quote a few, the  
condition  was' th a t  o f  a profound septicaem ia w ithout involvement 
o f  the meninges.
The fu lm inating  n a tu re  o f the  in fe c tio n  has seldom allowed 
time fo r  the  organism to invade the  meninges and produce a 
p u ru len t m en in g itis , although Madagan and Cooke1 s re p o rt shows 
th a t  t h i s  spread o f th e  in fe c tio n  d id  occur in  some o f th e i r  
cases e x h ib itin g  the  c la s s ic a l  signs o f the  Waterhouse—F rid e risc h a i 
syndrome. A recen t co n trib u tio n  to  the l i t e r a tu r e  by Lindsay 
e t  a l .  (1941) reco rds a t o t a l  o f  e igh ty -n ine  cases to which they 
have added seven o f th e i r  own.
I t  w ill be ap p recia ted  th e re fo re  th a t  suprarenal haemorrhage 
i s  o f  extreme r a r i ty .  The occurrence o f n ine  cases in  the 
com paratively sh o rt period  o f eighteen months during an epidemic 
o f  ce reb rosp ina l fev er i s  a unique experience. The r e la t iv e ly  
high inc idence  o f  th i s  com plication in  the p resen t s e r ie s  o f  
cases would seem to  in d ic a te  an in c rease  in  v iru lence  o f the 
meningococcus co inciden t w ith the "peak" o f the epidemic. On the 
o th e r  hand, th e  r a r i ty  o f  th e  condition may have been resp o n sib le  
fo r  many cases going unrecognised in  previous outbreaks o f  th e  
in fe c tio n . In  th e  follow ing pages suprarenal haemorrhage in  
cereb rosp ina l fev e r i s  d iscussed  in  r e la t io n  to symptomatology, 
pathology, d iagnosis , and trea tm en t. D e ta ils  o f  th e  c l in ic a l  and 
p a th o lo g ica l f in d in g s  in  n in e  cases have been recorded and 
recommendations based on personal experience are  pu t forward w ith 
regard  to th e ra p e u tic  measures* I t  i s  hoped th a t  th i s  co n trib u tio n  
w ill  be o f  some value in  th e  wider recogn ition  o f what has proved 
to  be a grave com plication o f  cerebrosp inal fev er.
Symp tomatolo gy?
The la rg e  m ajo rity  o f cases occur in  p a t ie n ts  under the age 
o f  two y ea rs , t u t  th e  d isease  i s  no t uncommon in  a d u lts . Of the 
f if ty -s e v e n  cases d iscussed  by A egerter, 26 p er cent were under 
s ix  months o f age, 52 p e r cent were one year o r younger, and 70 
p e r cen t two years  o r younger. Of the  f if ty -se v e n  p a t ie n ts ,  th e re  
were s ix  a d u lts , th re e  o f whom were over f i f t y .  Sex would appear 
to  p lay  no p a r t  in  th e  aetio logy  o f  th e  condition.
The d isease  i s  ch a rac te rised  by the sudden onset o f  coma, 
cyanosis, p u rpu ric  rash , and a short course to a f a ta l  is su e  
u su a lly  w ith in  1 2 - 2 4  hours.
O nset. The p a t ie n t  i s  u su a lly  in  p e rfe c t h ea lth  u n t i l  th e  
onset o f  th e  d isease . I n i t i a l  symptoms may be headache o r m alaise, 
convulsions, sh ivering , and vomiting. Abdominal pain  and d iarrhoea 
a re  n o t in freq u e n t. High fever and a flushed  face  may be a l l  th a t  
i s  p re se n t. Blood p ressu re  i s  iilv a riab ly  low. The p a t ie n t  may 
become stuporose o r  comatose w ithin a few hours. I t  i s  n o t 
uncommon fo r  a healthy  ad u lt to  be struck  down and la p se  in to  
unconsciousness w ith in  th e  space o f ha lf-an -hour. In  meningococcal 
septicaem ia ty p ic a l s igns o f  m en ing itis  a re  n o t u su a lly  seen, but 
they may occur l a t e r .  Some p a t ie n ts  develop bronchopneumonia
during th e  course o f th e  i l ln e s s  but as an i n i t i a l  fe a tu re  i t  i s  
uncommon. The tem perature a t  th i s  s tage i s  v a riab le .
Cyanosis. Cyanosis i s  u su a lly  noted 1 0 - 1 2  hours a f te r  the
o n se t. I t  i s  so s tr ik in g  th a t  i t  a t t r a c t s  immediate a t te n tio n  and 
i s  g en era lly  the  f i r s t  sign which b rings th e  p a tie n t  to h o sp ita l.
I t  i s  f i r s t  sea l on the l i p s  and n a i l s  which become b lue in  /
in  colour; th e re a f te r  a c h a ra c te r is t ic  cyanotic hue develops 
on the e x trem itie s  and soon becomes widespread over th e  body*
In a case described  by A egerter, the mother was a ttra c te d  by 
th e  child* s co lour. He appeared "b lu ish  a l l  over h is  body."
This cyanosis in  combination with the  fu lly  developed rash  
p re sen ts  a ty p ic a l p ic tu re . The body assumes a dusfcy colour 
in te rsp e rse d  w ith pe tech iae  seen in  a l l  stages from pink to 
p u rp le . Henderson and P ettig rew  (1932) in  an account o f th e i r  
p a t ie n t ,  r e la te  how th e  mother* s a tte n tio n  was ca lled  by the  
child* s making a  "funny no ise" and when the l ig h t  was turned on 
she n o ticed  i t  was black in  the  face . The ch ild  was brought 
im m ediately to  th e i r  surgery but was found to have succumbed.
Rash. The rash  appears soon a f te r  the eyanotis has 
m anifested  i t s e l f  and takes th e  form o f petech iae  sc a tte re d  
over th e  trunk , face , and ex trem itie s . The petech iae  in c rease  in  
s iz e  and number w ith remarkable ra p id ity . Aegerter in s ta n c e s  
th e  case o f  a mother who watched th e  "spots" develop while 
g iv ing  the  p a t ie n t  a bath . In  a case described by ELakers and 
B ailey  th e  ra sh  was n o t p resen t when th e  p a tie n t  l e f t  home fo r  
h o s p ita l ,  an im portan t d iag n o stic  p o in t according to  th ese  w rite rs . 
As th e  erup tion  develops the  le s io n s  become confluent and in  some 
cases iochymotic. Patches o f eochymoses may coalesce in to  la rg e  
a reas  o f  haemorrhage. The skin takes on a blotchy p u rp le  appearance 
and over th e  con tact a reas such as the  bu ttocks, elbows, and 
shoulders, assumes th e  appearance o f p o s t mortem l i v i d i t y  described
by A egerter. P a tie n ts  when f i r s t  seen may be in  a moribund 
cond ition  and covered from head to  fo o t w ith a profuse purpuric  
e ru p tio n .
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Course* By the time th e  rash  has fu lly  developed, i f  no t 
befo re , the  p a t ie n t  i s  in  a comatose state*  I t  i s  common a t  th i s  
s tage  to find  m oist ra le s  over th e  chest and perhaps th e  ea rly  
signs o f meningeal involvement, but death may ensue befo re  these  
have had time to become manifest* The sp inal f lu id  i s  d e a r  o r 
opalescen t in  cases o f m ening itis  when meningococci may be 
id e n tifie d *  The causal organism can also be is o la te d  in  th e  blood­
stream o r from one o f the  cutaneous haemorrhagie areas o f  the  skin* 
The tem peratu re ,usually  elevated a t  the  onset o f  the  rash , r i s e s  to 
105° o r 106?F. and the d i n i c a l  p ic tu re  i s  th a t  o f  impending deathj 
th e  ex trem itie s  are cold and the  boc^ y ho t, signs in d ic a tiv e  o f 
p e rip h e ra l d r c u la to iy  f a i lu re .  I t  may n o t be p o ss ib le  to record 
the  blood p ressu re  a t  th i s  stage* The rash  p e r s i s ts  a f t e r  death* 
During th e  course o f th e  i l ln e s s  i t  i s  p o ss ib le  to diagnose the  
presence o f suprarenal haemorrhage by the  devdopment o f 
g en era lised  muscular f la c c id i ty ,  c irc u la to ry  co llap se , snd low 
blood p ressu re .
Pathology*
B ila te ra l  suprarenal haemorrhage v is ib le  to  the  naked eye i s  
th e  most constan t and often  th e  only fe a tu re  to be found a t  autopsy. 
The glands a re  redd ish -purp le  in  colour, swollen, and d istended  w ith 
ex travasated  blood. They a re  u su s lly  equally  im plicated*
A egerter c i te s  th re e  cases in  th e  l i t e r a tu r e  where the  haemorrhage 
was u n i la te ra l  and confined to  the r ig h t  suprarenal gland. The
haemorrhage i s  in  the m ajo rity  o f cases m assive, converting  the  
*
gland in to  what Dudgeon (1904) has described  as "a co ffee-co loured  
haemorrhagie mass" o r  "blood sac", th e  w all o f  th e  sac being /
being represented  by the thinned out la y e r  of* co rtex  w ith hLood 
c lo t  ly in g  in  the medulla. I t  i s  ra re  fo r  the  capsule to rup tu re , 
but should th is  occur, a haemorrhagie p e r i to n i t i s  r e s u l ts .  
M icroscopically the medulla i s  seen to be g re a tly  d isorganised  
and may show n e c ro tic  change. The gland c e l ls  are  in d e f in i te  in  
o u tlin e , swollen and homogeneous, and take th e  s ta in  badly. There 
may be numerous sca tte red  haemorrhages w ith in te rv e n in g  areas o f 
nom al parenchyma o r a la rg e  ex travasa tion  o f blood may d is ru p t 
th e  e n t ire  medulla and completely o b l i te ra te  i t s  a rc h ite c tu re .
Even in  the  worst cases one can recognise the  normal arrangement 
o f  the  c o r t ic a l  c e l ls  between whose collums are  seen prominent and 
d istended c a p i l la r ie s .  The haemorrhage in  the  co rtex  i s  not 
massive but takes the foim o f numerous sc a tte re d  areas accompanied 
by lo c a l  'd e stru c tio n  o f the  c e l lu la r  elements. Dudgeon has 
c la s s i f ie d  suprarenal haemorrhage as fo llow ss-
(1) The whole gland o r gLands are  converted in to  "blood 
sacs" w ith occasional ex travasation  in to  the  surrounding t is s u e s .
(2) The haemorrhage may occupy the  medulla o f the  gland but 
the  co rtex  i s  spared except fo r  a few red corpuscles sc a tte re d  
between the  collums o f adrenal c e l ls .
(3) S ca tte red  haemorrhages in to  th e  gland substance ch ie f ly  
in  the medulla w ith l i t t l e  d estru c tio n  o f the  parenchyma.
I t  has already  been po in ted  out th a t  w hile the  m ajo rity  o f 
cases are  asso c ia ted  w ith meningococcal in fe c tio n , m en ing itis  i s  
ra re . Maclagan and Cooke1 s re p o rt has been p rev iously  quoted in
th i s  connection, as an exception. I t  remains to mention one /
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one o th e r case described  by A egerter where a commencing m ening itis  
was revealed  p o s t mortem. . Examination o f  the sp inal f lu id  u su a lly  
rev ea ls  a c ry s ta l c le a r  f lu id  w ith perhaps a s l ig h t  in c rea se  in  
c e l ls ,  some o f  these  polymorphonuclears.
Apart from the changes described i t  i s  seldom th a t  one fin d s  
fu r th e r  evidence o f  s tru c tu ra l  damage in  the  in te rn a l organs.
The p u rpu ric  n a tu re  o f  th e  in fe c tio n  i s  sometimes m anifest as 
haemorrhages in to  the p leu ra , pericardium , and peritoneum. They 
may a lso  be seen on the s o f t  p a la te , la ry n x , and trachea . As 
Simpson (1937) has s ta te d , "Pathological changes in  the  body a f te r  
death from acu te  adrenal in su ff ic ie n c y  o f  the co rtex  a re , fo r  
p ra c t ic a l  purposes, l im ite d  to those by which the  gland i t s e l f  
i s  d estro y ed ."
Case Records.
During th e  period  January 15th  -  May 16 th , 1940, n ine  cases 
on admission to  h o sp ita l p resen ted  the  signs and symptoms and the 
c h a ra c te r is t ic  appearance o f  th e  W aterhouse-Friderischen syndrome. 
Three were adm itted in  January , two in  February, th re e  in  A pril, 
and one in  May. A study o f the  ch art (Chapter I I )  w ill show th a t  
th i s  was the period  o f g re a te s t  prevalence o f  the  in fe c tio n .
Their ages v a ried  from the  youngest, th ree  y ears , to  the  
o ld e s t, f i f t y - s i x  y ears . Of th e  n ine cases, e ig h t were fem ales. 
G eographically they  were widely separated . They w ill be described  
in  the  o rder in  which they occurred.
Case 1 . C.W., a female c h ild  aged fou r y ea rs , adm itted a t
10 a.m. on Januaiy 15th ,  1941. She was w ell developed and w ell 
nourished. Ko h is to iy  o f  recen t con tact w ith  in fe c tio n . Previous
i l ln e s s e s ,  m easles, whooping cough, and pneumonia. She was /
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was w ell and running about sh o rtly  before the  onset o f  th e  d isease. 
The mother f i r s t  n o ticed  th a t  the  ch ild  was tw itch ing  v io le n tly  
during the  n ig h t o f  Januaiy  14th . A rash  appeared about 6 a.m. 
on the morning o f the  f i f te e n th .  She was adm itted to h o sp ita l 
four hours l a t e r .
On admission the ch ild  was seen to  be collapsed  and comatose. 
Temperature 101.8° F ., p u lse  r a te  140, re sp ira tio n s  42. Mouth dry 
and tongue fu rred . Throat clean. Chest c le a r . S lig h t nuchal 
r ig id i ty .  There was marked cyanosis and the  e n tire  body was 
covered w ith  a macular purpuric  rash  confluen t on the lim bs and 
trunk. The body exh ib ited  a genera lised  dusky hue which u ltim a te ly  
deepened as the  d isease  progressed. Lumbar puncture revealed  a 
c ry s ta l  c le a r  f lu id  under normal p ressu re . Cell count 8 lympho­
cy tes  p e r  cubic m illim e tre . P ro te in  20 mgm. p e r 100 c. c. The 
f lu id  was cu ltu red  bu t no organisms grew. Coma and cyanosis 
in creased . The pu lse  became im percep tib le  a t  the w ris t and the  
rash  had formed in to  sev era l haemorrhagie areas on the le g s  j u s t  
before death  took p lace  1 hour, 20 m inutes, a f te r  admission to 
h o sp ita l. Blood c u ltu re  was nob done owing to d i f f ic u l ty  in  
ob ta in ing  a specimen. U nfortunately , blood film s were n o t taken.
Autopsy. P o st mortem examination was performed th re e  hours 
a l t e r  death. The rash  was s t i l l  obvious as numerous p e tech iae  and 
la rg e  p u rp le  b lo tches on lower lim bs, lumbar reg ion , and elbows. 
L iv id ity  well marked, skin d iscoloured  pink to red . Lungs congested, 
no pneumonia. Brain showed much congestion h i t  no p u ru le n t
m en in g itis ; f lu id  in  l a t e r a l  v e n tr ic le s  c le a r . Both sup rarenals  /
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suprarenale  were seen to  be purp le in  appearance, swollen, but 
n o t enlarged. The upper h a lf  o f  each gland was seen to be 
enveloped in  a glazy mucoid substance suggesting f a t  n ec ro sis  
in  the  surrounding t is s u e s .  The capsule o f the glands was n o t 
rup tu red . On sec tio n  the suprarenal s were seen to be the  sea t 
o f  ex tensive  haemorrhage. E xtravasation  o f Hood had taken p lace  
in to  both  m edullary and c o r t ic a l  p o rtio n s . All o th e r organs 
appeared normal.
C ultures taken from the spleen and h ea rt blood proved 
s t e r i l e .
Case 2. B.B., a female aged twelve y ears, adm itted a t 9 p«m. 
on January 22nd, 1941. She was a w ell b u i l t  g i r l  and in  good 
h e a lth  before the  onse t o f the  d isease . No h is to ry  o f  recen t 
con tac t w ith in fe c tio u s  d isease . There was a la rg e  m ili ta ry  
camp in  th e  v ic in i ty  o f her home. P revious i l ln e s s e s ,  m easles 
and whooping cough. On the  day p r io r  to  admission (January 21st) 
she complained o f  fe e lin g  ou t o f  so rts  and went to  bed. She awoke 
th e  nex t morning w ith severe headache and pain in  th e  lower lim bs. 
She vomited. A ra sh  was n o ticed  on her le g s . About 4 p.m. on the  
22nd she became drowsy and was adm itted to h o sp ita l f iv e  hours 
l a t e r .
On admission the  p a t ie n t  was co llapsed  and in  coma.
_o
Temperature 98 F . , p u lse  r a te  $6, r e sp ira tio n s  32. Throat and 
mouth d e a n . T onsils  in je c te d . Kales were widespread over both 
lu n g s. Nuchal r ig id i ty ,  s l ig h t  head re tra c tio n  and marked
Keraig* s sign were noted . There was a widespread p e te c h ia l rash  
on the  face , low er lim bs, and abdomen. Cyanosis a t  f i r s t  n o t /
n o t mariced, became the  most prominent fe a tu re  in  th i s  case and 
q u ite  out o f  p roportion  to  th e  degree o f lung involvem ent. I t  
was seen to  commence a t  the ex trem itie s  and was f i r s t  m anifest in  
the  f in g e r  and to e  n a i l s  which became blue. By th e  second day 
th e  e n t i re  body had assumed a f a in t  purp le  hue and presen ted  the  
p ic tu re  o f a wh e lio tro p ic ” cyanosis. Lumbar puncture on admission 
revealed  a tu rb id  f lu id  under p ressu re . D irect smear showed 
polymorphs 95 Pe r  cen t and scanty e x tra c e llu la r  meningococci; 
p ro te in  content o f  cerebrosp inal f lu id  over /DO mgm. p e r  100 c .c . 
The f lu id  was cu ltu red  and y ie ld ed  a good growth o f meningococci. 
Blood c u ltu re  was p o s it iv e  fo r  meningococci. On the  day a f te r  
admission (January 23rd) the  condition  o f the p a t ie n t  was very 
much worse. The p e tech iae  had in c reased  in  s iz e  and number but the  
ra sh  was n o t con fluen t, no r d id  i t  become blotchy o r  echymotic. 
Dyspnoea became marked. . Coma and cyanosis in creased . Bubbling 
r a le s  were heard throughout both lu n g s. Temperature 103° F ., p u lse  
r a te  133, re s p ira t io n s  50. She d ied  nex t day (January 24th) 
f o r ty - f iv e  hours a f t e r  admission. P r io r  to death the  tem perature 
ro se  to 106°F. The e n tire  body showed marieed l i v i d i t y .  PQs t  
mortem examination was no t performed.
Case. 3 . This case, a female ch ild  aged th re e  y ears, has n o t 
been included  in  the  p resen t in v e s tig a tio n  o f cerebrosp inal fev er 
owing to th e  f a c t  th a t  the  p a t ie n t  was found to have succumbed 
during t r a n s i t  to  h o s p ita l.  From th e  h is to ry  o f  on se t and the  
f a c t  th a t  the  ch ild  was adm itted a t  th e  heigh t o f  th e  epidemic
i t  i s  probable th a t  th e re  was p re se n t suprarenal haemorrhage. The 
c l in ic a l  h is to ry  so f a r  as could be ascerta in ed  i s  as fo llo w s:- th e
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the  ch ild  was well nourished and robust and was in  p e rfe c t h ea lth  
up t i l l  th e  onset o f  the  i l ln e s s .  During th e  evening o f  January 
28th, 1941, the  mother n o ticed  th a t  the  ch ild  had become very quifet, 
bu t she did  n o t fe e l unduly anxious. The ch ild  was pu t to  bed.
Early th e  follow ing morning (January 29th) th e  mother became 
alarmed by the  c h i ld 's  appearance and c a lled  in  the  fam ily doctor. 
The doctor a rriv e d  a t  8 a.m. to f in d  th e  c h ild  comatose and covered 
from head to  fo o t w ith a  pu rpu ric  rash . The p a t ie n t  was seen fo r ty -  
f iv e  m inutes l a t e r  in  h o sp ita l ' and, as already s ta te d , was found 
to  have succumbed.
The appearance o f  th e  body was ty p ica l o f  th a t  already  
described  in  cases o f  suprarenal apoplexy. The body was covered 
with a m acular pu rpuric  rash  which had become confluent and g rossly  
haemorrhagie over the abdomen and low er lim bs. Cyanosis was 
widespread and no area o f  th e  skin seemed to have escaped. 
U nfortunately  th e  circum stances o f  th e  case were such as to render 
im possible th e  performance o f  a personal p o s t mortem exam ination.
I  am indebted  to the fam ily doctor fo r  th e  d e ta i ls  o f  the  c l in ic a l  
h is to ry .
Case 4. P .T ., a female aged s ix  y ears, adm itted a t  I .30 p*®* 
on February 1 s t ,  1941. A well developed and well nourished g i r l .
No h is to ry  o f  re c e n t con tact w ith in fe c tio u s  d isease . Previous 
i l ln e s s e s : -  m easles, whooping-cough, and chickenpox. P r io r  to  
onsjfet 6f  in fe c tio n  p a t ie n t  had been in  good h ea lth . Onset sudden, 
w ith s ickness, vom iting, and severe abdominal p a in , a l l  occurring
w ith in  a period  o f  fo r ty -e ig h t hours p r io r  to admission to  h o sp ita l .
No d iarrhoea. Rash f i r s t  appeared fou r hours p r io r  to  admission to 
h o s p ita l .
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On admission th e  p a t ie n t  was semi comatose and de lirious*
Temperature 1 0 1 .2°F ., p u lse  r a te  116, re sp ira tio n s  24. Mouth dry and
tongue coated. Throat d e a n . Chest d e a r .  Marked nuchal r ig id i ty  
and p o s it iv e  K em ig’ s sign . L ab ia l herpes. The body was covered 
with a pu rpuric  ra sh  confluent on le g s  and tru n k  * There was a 
well marked cyanosis. Many o f  th e  confluent patches on th e  buttocks 
and le g s  rap id ly  devdoped in to  la rg e  haemorrhagie areas. The dusky 
d isco lo u ra tio n  and blotchy appearance o f th e  skin were ty p ic a l.
Lumbar puncture, revealed  a tu rb id  f lu id  under p ressu re , contain ing  
 ^ numerous in tra -a n d  e x tr a -c e l lu la r  gram negative  d ip lococci. Culture
o f  th e  f lu id  produced a pure growth o f meningococci. A s im ila r  r e s u l t  
was obtained  from blood c u ltu re . The follow ing morning a b i la te r a l  
bronchopneumonia had developed and the p a tie n t was now moribund. 
Temperature ro se  to  106.4? F . , p u lse  r a te  140, r e sp ira tio n s  68. She 
d ied  without recovering  consciousness tw enty-four hours a f te r  
admission to h o s p ita l.
Perm ission fo r  a p o s t mortem examination was no t granted.
Case 5. D. McD., a male ch ild  aged th ree  y ears , adm itted to 
h o sp ita l a t  9 p*m. on February 4 th , 1941. P rev iously  in  good h ea lth .
No h is to ry  o f  recen t con tac t w ith in fe c t io n . Previous i l ln e s s e s : -  
chickenpox and ’’ch est tro u b le ” one year p rev iously . Onset sudden 
w ith re s tle s sn e s s , d is tre s s e d  b rea th ing , sickness, and vom iting, 
tw enty-four hours p r io r  to admission to h o sp ita l . Rash f i r s t  n o ticed  
sh o rtly  before adm ission. Eighteen hours a f te r  the  p a t ie n t ’ s admission 
to h o sp ita l a member o f  the same fam ily, H.McD., a female aged two
y ears  (S e rie s  B. Group IV) was adm itted su ffe rin g  from cerebrosp inal 
fev e r. She made a good recovery. This i s  the  only known in s tan c e  in
/
in  the p resen t s e r ie s  o f cases where two members o f one fam ily 
con tracted  the in fe c tio n  w ithin a few hours o f each o th e r.
On admission the  ch ild  was p a le  and to x ic  looking and comatose. 
R esp ira to ry  embarrassment was marked. Pu lse  s o f t  and thready. 
Temperature 101 .2°F ., p u lse  r a te  133, re sp ira tio n s  40. Tongue, th ro a t 
and mouth d e a n . B i la te ra l  bronchopneumonia. Marked nuchal r ig id i ty .  
P o s itiv e  K em ig1 s sign . Cyanosis no t prominent. P urpuric  rash  
widespread on face , lim bs, and trunk, becoming confluent over lim bs. 
Lumbar puncture revealed  a tu rb id  f lu id  heav ily  in fe c te d  w ith 
meningococci. Blood c u ltu re  y ie lded  a heavy growth o f the organism.
By th e  follow ing day (February 5th) p e tech iae  had in c reased  in  s iz e  
and number. Commencing cyanosis was noted a t  the ex trem itie s . 
Pulmonaiy involvement more widespread. Child remained in  a co llapsed  
and comatose s ta te .  P yrex ia  continued (102°F.) and she d ied  on 
February 6 th  a t  2,^0 p.m. w ithout recovering  consciousness, 
approxim ately fo r ty  hours a f te r  admission to  h o sp ita l.
Autopsy. P o st mortem examination was performed two hours 
a f te r  death. Rash as described . G eneralised pink d isco lo u ra tio n  
o f th e  sk in . B ila te ra l  bronchopneumonia. L e ft lung a t  base 
conso lidated  and bound down to the  diaphragm by strong adhesions. 
Mariced congestion and d is ten s io n  o f the  s u p e rf ic ia l  v e sse ls  o f  th e  
b ra in . A la rg e  subarachnoid haemorrhage was p resen t over th e  
v ertex . P u ru len t exudate seen in  the su lc i and along th e  course o f 
the  engorged v e sse ls . Extensive d ep o sits  o f  pus a t  th e  base o f  th e  
b ra in  and on the  surface  o f the  cerebellum . F lu id  in  th e  l a t e r a l  
v e n tr ic le s  opalescen t. There was no d i la ta t io n  o f th e  v e n tr ic u la r  
system. C ulture o f the meningeal exudate y ie ld ed  a pure growth o f
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o f  meningococci. Both suprarenal glands were purp le  in  colour 
but n o t d istended. Both glands were seen to  be g rossly  haemorrhagie, 
on sec tio n . O ther organs appeared normal.
H istopathology. A study o f th e  sec tio n s  o f the suprarenal 
gland in  th i s  case would seem to corroborate the theory held  by 
some w rite rs  th a t  the  haemorrhage occurs f i r s t  in  the m edulla.
There were la rg e  areas o f haemorrhage in  th e  medulla in te rsp e rse d  
w ith  areas o f normal parenchyma, and from th i s  p o rtion  o f th e  gland 
th e  blood seemed to  have extended and i n f i l t r a t e d  between the  collums 
o f  c o r t ic a l  c e l ls ,  seen in  some p laces to be d isrup ted  (F ig . V).
While th e  a rc h ite c tu re  o f  the  medulla was in  g rea t p a r t  destroyed, 
the  s tru c tu ra l  design o f the  cortex  was l i t t l e  a ffec ted  and showed 
only small areas o f c e l lu la r  d es tru c tio n . Sections o f the  gtand 
s ta in ed  by Gram* s method fo r  meningococci proved n egative .
Case 6. C.H., a female aged twenty-one y ears, adm itted a t  
2 p.m. on A pril 9 th , 1941. She was well nourished and had enjoyed 
good h e a lth  up to the  onset o f  her i l l n e s s .  No h is to ry  o f recen t 
con tact w ith in fe c tio n . Rheumatic fev e r th re e  years p rev iously .
The p a t ie n t  f i r s t  f e l t  unwell on the afternoon o f A pril 7th when she 
complained o f drowsiness and headache. She went to  bed. Her 
condition had no t improved by the  follow ing day. She vomited 
freq u en tly  and the headache became more severe. During th e  course 
o f  the evening she lap sed  in to  a semi comatose s ta te .  The rash  was 
f i r s t  n o ticed  in  th e  morning o f  February 9th , th e  day o f  admission 
to  h o sp ita l.
I
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On admission the  p a t ie n t  was collapsed  and in  deep coma.
Temperature 102.4 °F ., p u lse  ra te  124, re sp ira tio n s  20. Tongue dry 
and fu rred . Fauces in je c te d . Chest c le a r . Heart sounds poor in  
q u a lity  but pure. Marked nuchal r ig id i ty .  P o s itiv e  K em ig1 s sign.
The body was covered from head to fo o t w ith a confluent purpuric 
rash  showing ty p ic a l haemorrhagie areas. The several elements o f 
th e  erup tion  were seen in  various shades from the  pink colour o f the 
e a rly  le s io n  to th e  deep purp le  o f the f u l ly  developed macule. There 
was no cyanosis. Lumbar puncture revealed  an opalescen t f lu id  
under p ressu re  and h eav ily  in fe c te d  with raeningococci. Blood c u ltu re  
was p o s it iv e  and y ie ld ed  a profuse growth o f meningococci. P ro te in  
content o f  the  sp in a l f lu id  amounted to  140 mgm. p e r 100 c. c. The 
fo llow ing morning bubbling r a le s  were detected  throughout both lungs. 
P u lse  im percep tib le  a t  the  w ris t. Large areas o f cutaneous haemorrhages 
The body had now assumed the  appearance o f genera lised  l iv id i ty .  
Temperature 105°F ., p u lse  r a te  160, re sp ira tio n s  60. P a tie n t d ied 
a t  1.33 P*1®* w ithout recovering consciousness, approximately twenty- 
fo u r hours a f t e r  admission to h o sp ita l.
Autopsy. A p o s t mortem examination was performed s ix  hours 
a f te r  death . L iv id ity  marked. Bash as described. Lungs congested 
bu t no co n so lid a tio n . Spleen enlarged, so f t  and haemorrhagie, w ith 
a f re sh  in fa rc t io n  about the  s ize  o f  a f lo r in  on the  a n te r io r  su rface . 
There were severa l la rg e  vegeta tions on the  m itra l valve. The su rface  
o f  th e  b ra in  was congested but th e re  was no evidence e i th e r  on the 
v e rtex  o r a t  the  base o f pu ru len t exudate. F lu id  in  th e  l a t e r a l
v e n tr ic le s  d e a r .  No d i la ta t io n  o f the  v e n tr ic u la r  system. Kidneys 
congested, capsules s tr ip p ed  e a s ily . On th e  surface o f both kidneys /
kidneys and confined la rg e ly  to the upper po les, were m u ltip le  
p o in ts  o f  haemorrhage, varying in  s ize  from 2 to 4 m illim etres  in  
diam eter (F ig. V II). Suprarenals swollen and purp le  in  colour 
and the  se a t o f  ex tensive  haemorrhage. On section  the in te r io r  
o f  both glands was seen to  be f i l l e d  w ith haemorrhagie and n ec ro tic  
d eb ris  (F ig . V III).
H istopathology. Sections o f th e  suprarenal glands showed the  
haemorrhage to  be confined la rg e ly  to the medulla. I t s  in te rn a l  
s tru c tu re  was d iso rgan ised  and many o f the  c e lls  took th e  s ta in  
badly and were i l l - d e f in e d  (Fig. VI). Haemorrhage in  the  cortex  
took th e  fo ra  o f  numerous sc a tte red  areas, the in te rv en in g  p o rtio n s  
being very v ascu la r but containing apparently  normal gland c e l ls .  
Sections o f  the gland s ta in ed  by Grsm* s method fo r  meningococci 
proved negative .
S ections o f  a vegeta tion  from the  m itra l valve were s ta in ed  by 
Gram1 s method. Masses o f gram p o s it iv e  cocci were seen round the  
periphery  o f th e  v egeta tion  (Fig. IX).
A sec tio n  taken through the  sp len ic  in fa rc tio n  was s ta in ed  by 
Gram1 s method. Numerous gram negative  d iplococei were seen.
Case 7. R.M., a female ch ild  aged four years , adm itted to
h o sp ita l a t  2 a.m. on A pril 14th, 1941. A well developed g i r l  and 
in  good h e a lth  up to  th e  onset o f  in fe c tio n . No h is to ry  o f  recen t 
co n tac t w ith in fe c tio u s  d isease . P revious i l ln e s s e s ,  m easles and 
whooping cough. The onse t was sudden w ith headache, s ickness, vomiting 
and d iarrhoea , a l l  developing w ithin twelve hours p r io r  to admission
to h o sp ita l. The extreme re s tle s sn e s s  o f the  ch ild  and the  appearance 
o f  "spo ts" on th e  face  le d  the  mother to seek medical advice.
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On admission to h o sp ita l the ch ild  was deeply comatose and 
co llapsed . Temperature 98. ^ F . ,  pu lse  ra te  104, re sp ira tio n s  24.
Tongue d e a n . Throat d e a n . S tools green. Chest d e a r .  No signs 
o f  m en in g itis . Marked la b ia l  herpes. The face , trunk and lim bs 
were covered w ith a purpuric  rash . There was p resen t a g en era lised  
cyanosis. Lumbar puncture produced a c ry s ta l d e a r  f lu id  under 
normal p ressu re  w ith a c e ll  count o f 10 lymphocytes p er cubic 
m illim e tre  and a p ro te in  content o f  J) mgms.per 100 c. c. The 
sp in a l f lu id  was cu ltu red  but no organisms grew. Blood c u ltu re  
proved n eg a tiv e . By the evening o f A pril 14th  the  c h ild 1 s condition  
had become much worse. The ty p ic a l dusky appearance o f the  skin 
was now w d l  dem onstrated, th e  rash  blotchy in  ch arac te r. The chest 
remained d e a r .  Heart sounds feeb le  and pu lse  im percep tib le  a t  
th e  w ris t . A second blood c u ltu re  taken a t  th i s  time proved negative . 
Temperature ro se  to  106°F., p u lse  ra te  150, re sp ira tio n s  50. She 
d ied  a t  3 a.m. on A pril 15th  w ithout recovering consciousness ju s t  
over tw enty-four hours a f te r  admission to h o sp ita l.
Autopsy. P ost morten examination was performed seven hours 
a f te r  death. Rash s t i l l  well marked. Lungs d e a r .  Brain congested 
and s u p e rf ic ia l  v e s s d s  engorged but no evidence o f exudate, e i th e r  
on co rtex  o r  a t  base. F lu id  in  v e n tr ic le s  d e a r .  No d i la ta t io n  
o f  the  v e n tr ic u la r  system. Spleen enlarged and f r ia b le .  L iver 
p a le  and showed on section  numerous yellow  f a t ty  patches. Supra­
ren a l s swollen and discoloured  but no t enlarged. Both showed 
ex tensive haemorrhagie n e c ro s is . Other organs appeared normal.
C ultures taken from th e  f lu id  in  the l a t e r a l  v e n t r id e s ,  from 
th e  spleen, and h ea rt blood, proved negative .
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H istopathology. S ections o f the suprarenal gland showed 
complete d is in te g ra tio n  o f the c e l lu la r  elements o f both medulla 
and cortex  (F ig s . X and XI). I t  was d i f f i c u l t  to f in d  any area  o f 
normal parenchyma. Numerous sca tte red  nucle i in te rsp e rse d  w ith  red 
blood corpuscles and areas o f lo c a l  n ec ro sis  were a l l  th a t  could be 
made ou t. There were to be seen c o lle c tio n s  o f brown granules due 
probably to  breakdown o f haemoglobin. Sections o f  the gland were 
s ta in ed  by GramT s method fo r  meningococci i / i th  negative r e s u l ts .
Case 8. A. G., an ad u lt female aged th i r ty - s ix  years adm itted 
a t  IO .3O p.m. on A pril 13th, 1941. Well nourished and in  good h ea lth  
up to  the  onset o f her i l ln e s s .  No h is to ry  o f recen t con tact w ith 
in fe c tio u s  d isease . Previous i l ln e s s e s ,  whooping cough, m easles, 
and chickenpox. She was sent home from her work in  the  morning o f 
A pril 18 th  when she took a headache followed by a ”sh ivering  a t ta c k ” 
and d iarrhoea . She went to bed and f e l l  asleep u n t i l  the evening, 
when she was seen by the fam ily doctor. She was m entally confused 
and semicomatose and numerous petech iae  were no ticed  on the trunk .
On admission to  h o sp ita l th e  p a tie n t  was collapsed  and in  deep
coma. Temperature 104°F,, p u lse  r a te  136, re sp ira tio n s  32* Throat and
mouth clean. Tongue fu rred . L ab ial herpes. Chest d e a r .  Kernig* s
sign p o s it iv e . There was a generalised  cyanosis well seen on the
f in g e r  and to e  n a i l s .  Rash pupuric in  ch arac te r on face , trunk and
lim bs, and confluen t over p ressu re  areas such as buttocks and elbows.
Lumbar puncture revealed  an opalescen t f lu id  under p ressu re  w ith a 
p ro te in  con ten t o f  360 mgm. p e r 100 c .c . No organisms were seen on
d ire c t  film  bu t th e re  was a good growth o f meningococci from a c u ltu re  
o f  the  sp in a l f lu id .  Blood c u ltu re  was p o s it iv e  fo r  meningococci.
General condition  rap id ly  d e te r io ra te d . Chest remained d e a r .  P u lse
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P ulse  rap id  and thready. Temperature rose to 105°F., p u lse  r a te  140, 
r e sp ira tio n s  40. Complete suppression o f u r in e  re su lted .
C a th e te r!sa tio n  fa ile d  to ob ta in  a specimen. P a tie n t died a t  1 p.m. 
on A pril 19th  w ithout recovering  consciousness, approximately f i f te e n  
hours a f t e r  admission to h o sp ita l.
Aatoosy. P o st mortem examination was performed four hours
a f te r  death . Rash was s t i l l  obvious and showed ty p ic a l haemorrhagic 
a reas. A s tr ik in g  fe a tu re  was the pink appearance o f  th e  sk in .
Lumgs congested, no pneumonia. Brain showed in ten se  congestion o f 
th e  s u p e rf ic ia l  v e sse ls . P u ru len t exudate scanty and confined to 
sc a tte re d  a reas over the co rtex  along the  course o f th e  v e sse ls .
No pus was seen a t  th e  base o f the b ra in . F lu id  in  the l a t e r a l  
v e n tr ic le s  o palescen t. No d i la ta t io n  of the  v e n tr ic u la r  system. 
Suprarenals d istended  and d iscoloured  and obviously the  sea t o f 
haemorrhage. D estruction  most marked in  th e  r ig h t gland which was 
converted in to  a "blood cy st. tt O ther organs appeared normal.
H istopathology. S ections o f the  suprarenal gland showed 
sc a tte re d  a reas  o f haemorrhage in  the  m edulla. Extravasated blood 
had i n f i l t r a t e d  between the  columns o f c o r t ic a l  c e l ls  r e s u l t in g  
in  mechanical d isru p tio n  and lo c a lis e d  c e l lu la r  d es tru c tio n . The 
cortex  was very v ascu la r and th e  normal arrangement o f  the  c e l l s  
which took th e  s ta in  well eas . e a s ily  recognised. Sections o f  the 
gland s ta in ed  by Gramfs method fo r  meningococci proved n eg a tiv e .
Case 9 . J .N ., an ad u lt female aged f i f t y - s i x  y ears , adm itted 
a t  7.3D p.m. on May l 6th , 1941. Well nourished and well developed 
and in  good h e a lth  up to th e  onset o f  i l l n e s s .  No h is to ry  o f recen t 
contact w ith in fe c tio u s  d isea se . Onset sudden during th e  afternoon o f
/
o f  May 15th  aad accompanied by severe headache and green 
sickness. These symptoms p e rs is te d  and the p a t ie n t  was adm itted 
to  a nursing  home in  the c i ty  during th e  early  hours o f May 16th.
A rash  appeared during the course o f the day and lumbar puncture 
performed in  the  nu rsing  home revealed a tu rb id  f lu id .  Treatment 
was commenced im m ediately and the  p a tie n t  was tra n s fe rre d  to 
R uchill H osp ita l.
On admission th e  p a tie n t  was noisy and d e lir io u s  but no t 
comatose. Temperature 97«6°F. (p r io r  to  admission 101.8 °F .) ,  p u lse  
r a te  116, r e s p ira t io n s  22. Fauces in je c te d  bat d e a n . Tongue 
heav ily  coated. Chest d e a r .  Keraig* s sign p o s it iv e  but no 
nuchal r ig id i ty .  No qyanosis. Widespread purpuric  eruption over 
face , lim bs and trunk. Lumbar puncture revealed a tu rb id  f lu id  
heav ily  in fe c te d  w ith meningococci, w ith p ro te in  content over 700 
mgm. p er 100 c. c. Blood cu ltu re  y id d e d  a p rofuse growth o f 
meningococci. The follow ing morning (May 17th) th e  p a t ie n t  was 
s t i l l  no isy  and had to  be re s tra in e d . She was conscious and ab le  
to  rece ive  treatm ent by mouth. The tem perature remained normal. 
Rash more widespread and pe tech iae  more numerous but no t con fluen t. 
Lumbar puncture on the  morning o f  May 18th  showed th e  f lu id  to  be 
tu rb id  and heav ily  in fe c te d  w ith meningococci. A devdop ing  
cyanosis o f  th e  f in g e r  and to e  n a i l s  was n o ticed  fo r  the  f i r s t  
tim e. On th e  evening o f May 18th  she lap sed  in to  coma. She was 
observed d o s d y  and the  follow ing day the cyanosis was seen to 
spread throughout the  body surface to give the ty p ic a l dusky
appearanee asso c ia ted  w ith suprarenal haemorrhage. Temperature 
rose  to 101 .4°F ., p u lse  r a te  160, re sp ira tio n s  40. She d ied  on /
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on May 19th  a t  3*3^ P«m* approximately s ix ty -e ig h t hours 
a f te r  admission to h o sp ita l (see  Temperature Chart).
Autopsy. A p o st mortem examination was performed eighteen 
hours a f t e r  death . Rash s t i l l  p resen t as described. G eneralised 
l i v id i ty  prom inent. Lungs songested, no pneumonia. Surface o f 
b ra in  congested and covered with a mucoid exudate. No pus seen.
A few f la k e s  o f pu ru len t exudate were seen on the surface  o f the  
cerebellum (see  P igs. XIII and XIV). Kidneys congested and 
showed m u ltip le  p e te ch ia l haemorrhages. Suprarenals swollen 
and d isco loured  and both glands f i l l e d  w ith haemorrhagic and 
n e c ro tic  d eb ris  (P igs. XV and XVI).
H istonathology. The parenchyma o f  the medulla o f  the  
suprarenal glands was p a r t ia l ly  d isorganised  by la rg e  a reas o f  
haemorrhage. The co rtex  was very vascu lar and contained d istended 
c a p i l la r ie s ,  some o f which had ruptured between the columns o f 
c e l ls .  Apart from a few small sc a tte re d  areas o f haemorrhage 
th e re  was l i t t l e  d es tru c tio n  o f the  co rtex  o r in te rfe re n c e  w ith 
i t s  normal a rc h ite c tu re . Sections o f  th e  gland sta ined  by Gram*s 
method fo r  meningococci proved negative .
Comment.
The s e r ie s  o f cases which has been described as i l l u s t r a t i n g
th e  Waterhouse-F’rid e riseh en  syndrome d i f f e r s  from previous 
records in  th a t  i t  contains no cases in  the age group 0 - 2  years  
(Table I ) .  When A egerter reviewed the  l i t e r a t u r e  in  1936 he
found th a t  TO p e r  cent o f  the  cases were two years o r younger. 
F igures are  as y e t too few to  make a d e f in ite  statem ent but recen t
re p o rts  would appear to in d ic a te  th a t  in  the  p re sen t in c reased
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in creased  prevalence o f cerebrospinal fever a t  any r a te ,  the
condition tends to occur a t  higher age groups.
Table I .
Age Incidence in  Suprarenal Haemorrhage.
Age Group 0- 2- 5- 10- 20- 30- 40-60 Total
Cases - 3 2 l 1 1 l 9
In  s ix  ou t o f  the  e ig h t cases where the meningococcus was 
is o la te d  from th e  cerebrosp inal f lu id  the organism was also  grown 
from the  blood. B ac te rio lo g ica l in v e s tig a tio n s  o f the blood and 
cerebrosp inal f lu id  both before and a f te r  death f a i le d  to d iscover 
th e  causal organism in  two cases; in  th ese , b i la te r a l  suprarenal 
haemorrhage was demonstrated post mortem. A tten tion  has already  
been drawn to  th e  common occurrence o f meningococcal septicaem ia 
w ithout m en in g itis  in  the  W aterhause-Friderischen syndrome. I t  w ill  
be noted th a t  in  the e ig h t cases where lumbar puncture was performed, 
s ix  revealed  a tu rb id  o r opalescen t f lu id  on admission to h o sp ita l 
(Table III)-.
With one exception a l l  cases were seen on th e  f i r s t  o r 
second day o f i l l n e s s  (Table I I ) .  In  only one case (Case 9) 
might the condition  be said  to have developed a f te r  admission 
to  h o sp ita l.
The inc idence o f  th is  syndrome in  the to ta l  256 cases 
was 3*12 p e r cen t.
SUPRARENAL HAEMORRHAGE COMPLICATING 
CEREBROSPINAL FEVER.
Case 9*
P a tie n t J .N ., a e t. 56 y rs .
Temperature Chart to i l l u s t r a t e  course o f the I l ln e s s .
THE WATEREDUSE-FRIDERI SCHEN STNDRQME.
Table I I .
A nalysis o f Cases.
| Case
i-
Age
in
Tears
Day o f I l ln e s s  
on
Admission.
I n i t i a l  Ten 
( ° F .)
p . Temp, p r io r i  Duration 1 
to Death(°FJ. o f S 
j I l ln e s s  j 
1 (hours) 1
1 4 1 101.3°
2 12 2 93.0 106. 0° 45
3 * 3 1 - - -  !
4 6 3 101.2 106.4 24
5 3 2 101.2 102.8 40
6 21 2 102.4 105.0 24
7 6 1 98.2 106.0 24 S
8 36 2 104.0 105.0 1 5  1
9 56 2 97.6 101.4 68
Dead on admission to h o sp ita l.
Table I I I .  
B acteriology.
CASE
CEREBROSPINAL FLUID. BLOOD. ]
C haracter
Mening
i
DF.
oco&ci
n
C.
P ro te in  
Content 
mem. p er 100 cc.
C ulture. I
1 Clear Neg. Neg. 20 Neg.
2 Turbid Pos. Pos. 700 Pos.
3 * - — - - -
4 Turbid Pos. Pos. 80 Pos.
5 Turbid Pos. Pos. - Pos.
6 Opalescent Pos. Pos. 140 Pos.
7 C lear Neg. Neg. Neg.
8 O palescent Neg. Pos. 360 Pos.
9 Turbid Pos. Pos. 700 Pos. ,
»  Dead on admission to h o sp ita l.
DF = D irect film . C = Culture o f  C.S.F. on blood agar. 
Pos = Meningococci p resen t.
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Diagnosis*
The condition has to be d istin g u ish ed  from the  ordinary- 
fu lm inating  type o f cerebrosp inal fever i f  the  p a tie n t  i s  to be 
given the  b e n e fit o f adrenal e x tra c ts  and sodium ch lo rid e . The 
ch ie f  p o in ts  o f diffei*ences ere  the rap id  onse t, cyanosis and rash , 
followed by co llap se . G eneralised cyanosis, seen to commence a t  the  
e x trem itie s  in  the  ea rly  stage o f the in fe c tio n , i s  a fe a tu re  p e c u lia r  
to suprarenal haemorrhage. The pro fuse  haemorrhagic cutaneous erup tion  
appea-ring w ith s ta r t l in g  suddenness and p rogressing  in  a m atter o f  
hours to  g en era lised  purpura i s  so dram atic an episode in  th e  
evo lu tion  of the  W aterhouse-Friderischen syndrome th a t  once seen 
i s  u n lik e ly  to be fo rg o tten . L o ca lis in g  signs are in fre q u en t h i t  
tenderness end r ig id i ty  o f th e  abdominal muscles in  conjunction w ith 
the  c l in ic a l  p ic tu re  provide strong presum ptive evidence o f 
haemorrhage in to  th e  suprarenal s. E o lleston  (1919) has po in ted  out 
th a t  the  d isease  may suggest the  ”acute abdomen” and has to  be 
d if f e r e n t ia te d  from cond itions such as in te rn a l  s tra n g u la tio n , 
in tu ssu scep tio n , and fu lm inating  purpura. Signs o f m en in g itis  i f  
p resen t are  n o t always well marked, due to th e  co llapsed  condition  
o f  the  p a t ie n t .
The age o f the  p a t ie n t  i s  no t l ik e ly  to be o f much help in  
d iagnosis . The d isease  i s  n o t l ik e ly  to be confused w ith  the neo­
n a ta l  type o f suprarenal haemorrhage which occurs as a f a t a l  
com plication o f the  in te n se  hyperaemia accompanying th e  p h y s io lo g ica l 
in v o lu tio n  o f th e  co rtex  and which i s  seen during the f i r s t  few1 days 
fo llow ing b ir th .
Symptoms o f acute adrenal in su ff ic ie n cy  such as p e rip h era l 
c irc u la to ry  f a i lu r e ,  m uscular f la c c id ! ty , and f a l l in g  blood p ressu re , 
a re  im portant d iag n o stic  p o in ts  and should be sought fo r  in  susp icious 
cases. The m ajo rity  o f cases when f i r s t  seen in  h o sp ita l are  well 
advanced and i t  i s  o f  paramount im portance th a t  they be recognised 
im m ediately i f  any success i s  to be achieved with p resen t-d ay  therapy. 
B ac te rio lo g ica l d iagnosis  i s  th e re fo re  a secondary considera tion  to 
be e s ta b lish ed  l a t e r .  Blood cu ltu re s  should be done and lumbar 
puncture performed in  s l l  p a t ie n ts .  D irect smears from the  blood o r 
from the  purpuric  patches w ill o ften  reveal th e  meningococcus as 
the causal agent. Blood cu ltu re s  from the  spleen and h ea rt blood 
imm ediately a f te r  death  may e s ta b lish  the  d iagnosis where the  causal 
organism has no t been is o la te d  during l i f e .  I f  the c l in ic a l  fin d in g s  
o f  suprarenal haemorrhage are to be confirmed a t  p o s t mortem 
exam ination, in v e s tig a tio n s  must be commenced w ithin tw enty-four 
hours follow ing death , s ince  th e  suprarenal glands re a d ily  undergo 
a u to ly tic  changes.
Treatment.
Any method o f treatm ent to  be e f fe c tiv e  must be i n s t i tu t e d  a t  the  
e a r l i e s t  p o ss ib le  moment. U nfortunately , suprarenal haemorrhage 
com plicating septicaem ia i s  ra re ly  suspected during l i f e .  Many 
cases have been diagnosed p o s t mortem and only a f te r  autopsy have 
the  symptoms o f the  d isease  been co rre la ted  w ith  the c h a ra c te r is t ic  
p a th o lo g ica l fin d in g s . The in creased  prevalence o f acu te  meningococcal 
in fe c tio n  has been la rg e ly  responsib le  fo r  focussing  a tte n tio n  once
more upon a c l in ic a l  e n t i ty  too o ften  n eg lec ted , snd i t  i s  to be hoped 
th a t  i t s  wider recogn ition  w ill be followed by an in creased  endeavour 
to  prevent o r a r r e s t  the  evolution o f th i s  syndrome which in v a r ia b ly  j
in v a ria b ly  p rog resses to a f a ta l  term ination .
While the  m ajo rity  o f cases show almost complete d e s tru c tio n  
o f the m edulla, i t  would seem th a t  a tte n tio n  must be directed, 
p rim arily  to  th e  co rtex , proved to be the essen tia l, element o f  the 
suprarenal gland. I t  has been shown th a t  th e  adm in istra tion  o f 
e x tra c ts  o f  co rtex  can prolong in d e f in i te ly  th e  l iv e s  o f  ad renalecto - 
mised animals which would o thervase have died. Treatment should 
th e re fo re  co n s is t of la rg e  repeated  doses o f c o r t ic a l  e x tra c t 
adm inistered to a l l  p a t ie n ts  in  whom th e re  i s  the s l ig h te s t  suspicion 
o f commencing suprarenal damage. By the  time both glands are  
invo lved , i t  i s  u n lik e ly  th a t  any form o f therapy would be o f a v a il .  
With regard to  the  question whether th e  adrenal co rtex  can reg en era te  
s u f f ic ie n t ly  and w ith  a r a p id ity  necessary  to prevent th e  development 
o f acute in su ff ic ie n c y , Simpson has po in ted  ou t th a t  such reg en era tio n  
i f  i t  occurs i s  f a r  too slow and u n ce rta in . S pec ific  measures in  
the  form o f  serotherapy and chemotherapy should be commenced, even 
in  the  absence o f  a b a c te r io lo g ic a l d iagnosis . Since a v a ila b le  
evidence tends to  support th e  view th a t  most o f the  cases are  acute 
meningococcal in fe c tio n s , meningococcus a n tito x in  adm inistered  in  
la rg e  doses to combat the  toxaemia in  conjunction w ith in travenous 
sulphonamides repeated  u n t i l  the  p a t ie n t  i s  able to take  th e  drug 
by mouth, would appear to  be co n s is ten t w ith the  b e s t p r in c ip le s  
o f trea tm en t.
The rap id  lo s s  o f  sodium from th e  blood, hypoglycaemia, and 
dehydration are  the  most prominent fe a tu re s  r e s u lt in g  from damage
to  the  suprarenal s. This lo s s  must be made good by vigorous 
in travenous therapy even a t  the expense o f low ering the  concen tra tion
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concen tra tion  o f the sniphonamide drug in  the  blood stream .
Sodium cKLozlde and glucose so lu tion  should be adm inistered 
p re fe rab ly  by the continuous d rip  method. They can be given 
sim ultaneously w ith a n tito x in . Adrenalin would n a tu ra l ly  suggest 
i t s e l f  as the  most ap p ro p ria te  card iac stim ulan t.
Sulph&pyridine and g lu co se -sa lin es  were employed in  the  e ig h t 
t re a te d  cases along the  l in e s  o u tlin ed  above. Three cases received  
s a lin e s  by the  in tra p e ii to n e a l  rou te  and two o f the  e a r l i e r  cases - 
were given meningococcus a n tito x in  in trav en o u sly  o r  in tra p e r i to n e a l ly .  
The c l in ic a l  experience gained le d  to a b e t te r  understanding and 
an e a r l i e r  reco g n itio n  o f th i s  type o f in fe c tio n  and a method o f  
therapy was evolved and applied  as a ro u tin e  measure to  subsequent 
cases (7 , 8 and 9)* Each p a t ie n t  on admission received  in trav en o u sly  
one p in t  o f  gLucose-saline so lu tio n  to which were added one gramme 
o f  th e  sodium s a l t  o f  sulphapyridixie and 60 c. c, o f meningococcus 
a n ti to x in . The treatm en t was repeated  a t  fo u r to s ix -h o u rly  in te rv a ls .  
In  a d d itio n , eucortone (A llen and Hanbury) was given In  6- hourly doses 
o f  1 .0  c .c .  Adrenalin was adm inistered subcutaneously in  doses o f 
5 minims every fou r hours. I t  may be s ig n if ic a n t th a t the  l a s t  case, 
seen presumably a t  an ea rly  s tage o f th e  in fe c tio n , survived 
lo n g est w ith  th is  mode o f  therapy. The ra p id ity  w ith which th e  
condition  i s  recognised ,perhaps a t  a stage where one gland only i s  
involved , and the  e a rly  in s t i tu t io n  o f trea tm en t, would appear to  
o f fe r  th e  only hope o f  success. Cures, however, must be recorded
w ith  cau tion . Grace e t  a l . ,  (1940), H arries , (1940) and Carey, (1940) 
have rep o rted  reco v erie s  in  a d u lts  from meningococcal in fe c t io n s  which 
agreed with th e  c l in ic a l  d esc rip tio n  o f the  W aterhouse-Friderischen 
syndrome. Recently i t  has become the  p ra c t ic e  in  th is  h o sp ita l to
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to  adm in iste r adrenal e x tra c ts  as a p ro p h y lac tic  measure to a l l  
cases o f  cerebrosp inal fever  where the  c l in ic a l  p ic tu re  i s  a t  a l l  
suggestive o f impending suprarenal damage.
At th e  p resen t time one can only hope th a t  th e  above methods o f 
therapy, i f  n o t guaranteeing a  cure, w ill  prolong l i f e  s u f f ic ie n t ly  
to  allow  a more thorough in v e s tig a tio n  in to  a c l in ic a l  e n t i ty ,  the 
prognosis o f which must be regarded as alm ost u n iv e rsa lly  f a t a l .
Before concluding th i s  chapter I  should l ik e  to re-em phasise 
b r ie f ly  th e  th e rap eu tic  measures which personal experience has prompted 
me to recommend in  the trea tm en t o f  suprarenal haemorrhage in  
cerebrosp inal fever.
(1) In  o rder to  compensate fo r  th e  lo s s  o f sodium from the 
blood, hypoglycaemxa, end dehydration, one p in t  o f  a 10 p e r  cent 
so lu tio n  o f  g lu co se -sa lin e  i s  adm inistered in trav en o u sly . This 
measure i s  repeated  a t  4 -  6- hourly in te rv a ls ,  o r  p re fe ra b ly  
in travenous m edication may be ca rried  ou t by the continuous d rip  
method.
(2) To a lla y  toxaemia, 60 c. c. o f meningococcus a n tito x in  (Ferry) 
i s  adm inistered  along w ith  g lu co se -sa lin es . This dosage i s  repeated  
%t 4 -6- hourly in te rv a ls .
(3) Chemotherapy i s  commenced im mediately and a l l  p a t ie n ts  
rece iv e  an i n i t i a l  in travenous in je c tio n  o f 1.0  g. o f  su lphapyrid ine 
o r  an equally  a c tiv e  in travenous sulphonamide p rep ara tio n  such as 
su lp h a tb iazo le  o r  su lphadiaz ine . In travenous therapy i s  repeated
a t  4 -hourly  In te rv a ls  u n t i l  th e  p a t ie n t  i s  ab le  to take  th e  drug by
mouth. I f  th e  p a t ie n t  i s  conscious and ab le  to swallow on admission 
to  h o s p ita l ,  o ra l therapy i s  in s t i tu te d  im mediately bu t th ese  /
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these  p a t ie n ts  are also  given the benefit o f an i n i t i a l  in travenous 
in je c t io n  o f  th e  drug*
(4) Eucortone i s  adm inistered in tram u scu la rly  in  doses o f  
X c.c* repeated a t  6-hourly  in te rv a ls ,
(5) Adrenalin i s  administered subcutaneous!/ in  doses o f 
5 minims 4-hoarly.
Motes on a B ecqit Case.
I  was re c e n tly  called  to see in  consultation a case o f  sudden 
i l l n e s s  a sso c ia te d  m th  -an I n t a 2.se purpuric eruption o ccu rring  in  
a  member o f the  n u rsin g  s t a f f  o f the h o sp ita l. The p a tie n t was 
twenty-two years o f  age, o f  excellen t physique, and had enjoyed good 
h e a lth  up to  the  onset o f her i l ln e s s .  She commenced her nursing 
career as a  p ro b a tio n e r on February 1 s t ,  1939* when, in  accordance 
with the p ra c tic e  o f  th e  h o s p ita l ,  she was medically examined end 
subsequently immunised against sc a r le t  fever, d iph theria , end 
e n te ric  fever* L a tte r ly  her a c t iv i t ie s  were confined so le ly  to 
ambulance d u tie s  m d  she was responsible fo r  the care ©f p a tie n ts  
during t r a n s i t  fro® home to  hosp ita l*  These du ties she was carrying 
ou t up to m d  ineXmdisg the  day o f  i l ln e s s .  She was therefor© in  
contact with a l l  types o f  in fe c tio u s  'diseases. Two days p r io r  
to  the onset o f symptoms she admitted to  the  hosp ita l a case o f 
cerebrospinal fever.
The p a t ie n t  ease o f f  duty a t  8 p.m. on May $ihf 1942, and was 
apparently' in  normal health* At midnight she f r i t  "shivery* and d id  
n o t sleep a l l  n ig h t. At 7 a*m* th e  fo llow ing morning (May lo th )  he 
rep o rted  sick* Her tem perature was taken and found to be 102? F ., 
pu lse  r a te  11.2, re sp ira tio n s  28* Throat c l can, no Kopllk* b o ts , /
spots? fa c e  flushed? eyes suffused* She complained o f  p a in s  a l l  
o v e r h e r  body m d  o f  headache when she s a t  up in  bed. There was no 
ev idence o f  a  rash* The p a t i e n t  was s e e n  b y  a  member o f  th e  
r e s id e n t  medical s t a f f  a few hours l a t e r  t u t  exam ination re v e a le d  
noth ing  to  suggest th e  n a tu re  o f  th e  d isease*  M easles was suspec ted . 
The tem p era tu re  rem ained elevated  end a t  5 P*®» th e  home s i s t e r  
re p o r te d  th e  p re sen ce  o f  a ra sh  which she a fte rw ard s  d e sc rib e d  to  
me a s  -a- d i s c r e te  b lu is h  sp o ts  ■appearing f i r s t  on th e  arms. Her 
th r o a t  was examined h u t th e  buccal mucosa was pronounced d e a n .
I  f i r s t  saw th e  p a t ie n t  a t  7-30 p .m ., j u s t  a f t e r  she had 
been ad m itted  to  as. observation  ward and two and a  h a l f  hours from 
th e  tim e when th e  ra s h  was f i r s t  n o tic e d . Her appearance was 
s t a r t l i n g  m d  rendered h e r  a lm ost u n reco g n isab le . From th e  fo o t o f  
th e  bed she looked  l i t e r a l l y  M ack in  th e  face  end a c lo s e r  
in s p e c tio n  showed th e  d isco lo u ra tio n  to  be due to  a c o n flu e n t 
haemorrhaglc e ru p tio n  which covered th e  body from head to  fo o t .
There were la r g e  a re a s  o f eccbgnsoais and in  only  a few s c a t te r e d  
a re a s  on th e  trunk, could  an e a r ly  d i s c r e te  macule be d isce rn e d .
I t  was d i f f i c u l t  to  f in d  even a sm all are® o f th e  sk in  su rfa c e  
which was n o t  th e  s i t e  o f  haemorrhage o r  g ro ss ly  d isc o lo u re d  by a 
deep cy an o s is . The co lou r o f  th e  ra sh  could  n o t be d e sc rib e d  as 
p u rp le . On e n te r in g  th e  ward, o n e 9 0  f i r s t  im pression  was th a t  
th e  p a t i e n t1 g fa c e  had been daubed w ith  ch a rco a l.
0
The tem p era tu re  on adm ission to  th e  ward was 104 F .,  p u ls e  
Im p e rc e p tib le , r e s p i r a t io n s  36* S y s to l ic  blood p re s s u re  70 m „m * o f  
mercury* The d i a s t o l i c  p re s su re  cou ld  n o t  be reco rd ed  on th e  
spfygBomauajBeter* The p a t i e n t  was conscious end h e r c h ie f  com plain t 
was abdominal pain# The mucosa o v er th e  gums, cheek:, and o h , /
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s o f t  p a la te , was covered with a haemorrhagie e rup tion . There 
was no c l in ic a l  evidence o f m en ing itis. A few c re p ita t io n s  were 
heard a t  the  bases o f  th e  lungs. Tenderness was e l i c i t e d  on 
p a lp a tio n  and the muscles were r ig id  over the  l e f t  s ide  o f  the 
abdomen. This might have been due to co n s tip a tio n . An enema 
adm inistered  on admission produced a very constipa ted  r e s u l t .
Lumbar puncture revealed  a c ry s ta l c le a r  f lu id  under normal 
p re ssu re  and contain ing  12 c e l ls  p e r cubic m illim etre ; lymphocytes 
80 p e r  cen t, polymorphs 20 p e r  cen t. The f lu id  was cen trifuged  
and a lo o p fu l, taken from the  bottom o f the  tube, was in o cu la ted  
on to a blood agar slope. Ten cubic centim etres o f blood were 
withdrawn from th e  median b a s i l ic  vein and in o cu la ted  on H artley 1 s 
b ro th .
A te n ta t iv e  d iagnosis  o f  haemorrhagie m easles had been made 
bu t the  h is to ry  o f the on se t followed by the s tr ik in g  c l in ic a l  
p ic tu re  w ith  which I  was already  fa m ilia r  le d  me to  suspect a 
fu lm inating  meningococcal septicaem ia com plicated by suprarenal 
haemorrhage. The abdominal pain  and r ig id i ty  a sso c ia ted  v i th  a 
s y s to lic  blood p re ssu re  o f  70 o f  mercury p resen ted  evidence
v
s tro n g ly  suggestive o f acute suprarenal damage. On the  s tre n g th  
o f  th ese  f in d in g s , treatm ent was in s t i tu te d  along th e  l in e s  
already  described  in  dealing  w ith cases belonging to the  Waterhouse- 
F riderischen  syndrome. In  a fu r th e r  attem pt to  i s o la t e  the  causal 
organism one o f th e  purpuric  patches was punctured ?d th  a s t e r i l e  
need le  and smears prepared from the  expressed f lu id  were s ta in ed  by 
Gram’ s method fo r  meningococci. The r e s u l ts  proved n egative .
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The only fa c to r  which could be sa id  to weigh ag ain st the 
d iagnosis  was the absence o f coma o r delirium ,so  commonly seen 
as an ea rly  sequel in  fu lm inating meningococcal in fe c tio n s . From 
the  beginning the p a t ie n t  was fu lly  conscious and was ab le  to 
answer r a t io n a lly  a l l  questions put to her. There was no apparent 
a l te r a t io n  in  the  c l in ic a l  condition s ix  hours a f te r  she en tered  
the  ward. Her ch ie f  complaint a t th is  time was o f pains in  the  
arms and le g s . The tem perature remained e levated , the  p u lse  
im percep tib le . The presence o f p e rip h era l c irc u la to ry  f a i lu r e  
was well i l l u s t r a t e d  by the  anxiety  o f th e  p a tie n t  concerning the 
coldness o f her f e e t ,  a fe e lin g  o f c h i l l in e s s  which was n o t 
re lie v e d  by th e  ap p lica tio n  o f heat in  th e  form o f several 
hot w ater b o t t le s .  She continued to  re ta in  her normal m ental 
f a c u l t ie s .  Talking to the p a t ie n t  i t  was d i f f i c u l t  to persuade 
o n ese lf  th a t  here was another in stan ce  o f fu lm inating  meningococcal 
septicaem ia which,- i f  experience o f  previous cases was to  be any 
c r i te r io n ,  must soon term inate  f a ta l ly .  N evertheless, in  s p i te  o f  
treatm en t, death  took p lace  on the morning o f  May 11 th  a t  6.30
a.m ., approxim ately th i r ty  hours from the onset o f  the symptoms.
%
She was conscious to th e  l a s t ,  death re s u l t in g  from c irc u la to ry  
f a i lu r e .  During th e  l a s t  two hours i t  was n o ticed  th a t  in  severa l 
a reas over th e  body th e  epidermis was ra ise d  in to  la rg e  b u lla e  
f i l l e d  w ith dark s ta in ed  f lu id .
C ulture o f  the  cerebrosp inal f lu id  proved negative  but the  
d iagnosis was confirmed by the blood c u ltu re  which, a f t e r  a p erio d  
o f twelve hours’ in cu b atio n , y ielded  a heavy growth o f  meningococci.
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In  the  absence o f a p o st mortem examination one can only presume 
th e  presence o f suprarenal haemorrhage, to t  the  c l in ic a l  p ic tu re  was 
so ty p ic a l as to leave  no doubt in  the mind o f the  observer th a t  
had such an examination been ca rried  out the c h a ra c te r is t ic  
pathology would have been in  evidence.
The question n a tu ra lly  arose as to the source o f in fe c tio n  
and i t  was presumed th a t  the  nurse became in fe c te d  from the  case o f  
cerebrosp inal fev er she had brought in to  h o sp ita l two days p r io r  
to  her own i l l n e s s .  I  was th e re fo re  g rea tly  in te re s te d  on going 
over th e  p a t ie n t ’ s medical record to find  th a t she went o f f  duty 
on March 21st, 1942, w ith an i l ln e s s  which was diagnosed as erythema 
nodosum. I t  seems th a t  she complained i n i t i a l l y  o f pains in  the  
le g s  and became alarmed by the appearance o f spots on th e  sk in . The 
le s io n s  were confined to  the  le g s , deep red in  colour, ra ise d  and 
very p a in fu l to th e  touch. There was no pyrex ia . She was p u t to  
bed and a sp ir in  was p rescrib ed , t o t  two days l a t e r  treatm ent was 
changed to  su lphapyridine, followed by the disappearance o f the  
cutaneous le s io n s  w ithin  fo r ty -e ig h t hours. The nurse was back on 
duty w ithin seven days from the onset o f the  in fe c tio n  and as f a r  as 
I  am aware th e re  was no recurrence o f  the condition . I t  might well 
be th a t  these  cutaneous le s io n s  were the m an ifesta tio n s o f a chronic 
meningococcal septicaem ia to  which S to t t  and Copeman (1940) have 
drawn a tte n tio n  in  a recen t a r t i c le .  They record seventeen cases, two 
o f  which were o r ig in a l ly  diagnosed as eiythema nodosum, and they 
b e liev e  th a t  th i s  type o f meningococcal in fe c tio n  i s  common whenever
meningococcal m en in g itis  becomes p rev a len t in  a community.
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Comment.
Two observations might be s tressed  fu r th e r  in  connection with 
the  above case. F i r s t l y , i t  would appear th a t  while the  toxaemia 
was co n tro lled , the  ir re p a ra b le  damage to the suprarenals could 
n o t be compensated by su b s titu tio n  gland therapy and was responsib le  
fo r  the  c irc u la to ry  f a i lu r e  which le d  to a f a ta l  is su e . This 
p o in t i s  o f  im portance in  view o f the f a c t  th a t  the case described  
occurred in  circum stances which allowed fo r  ea rly  d iagnosis and 
immediate trea tm en t. Secondly, the p o ssib le  asso c ia tio n  w ith 
chronic meningococcal septicaem ia emphasises the  importance o f 
tak ing  blood c u ltu re s  in  a l l  cases o f erythema nodosum, as already 
po in ted  ou t by S to t t  and Cop ©nan.
PLATE I .
Suprarenal Haemorrhage 
. in
Cerebrospinal Fever. 
( la te rh o u se -F rid e risch en  Syndrome). 
Explanation o f  P la te  I .
F ig . V -  Case 5* Haemorrhage in to  medulla o f  suprarenal
gland. Note haemorrhage extending 
and i n f i l t r a t i n g  between the  
collums o f c o r t ic a l  c e l l s .
x 55-
F ig . VI -  Case 6. Haemorrhage in to  th e  medulla o f  th e
suprarenal gland.
x 55.
Fig . VII -  Case 6. L e f t  kidney and suprarenal gland
a ttach ed . Note sup rarenal haemorrhage 
and p e te c h ia l  haemorrhages on su rface  
o f  kidney.
F ig . V III -  Case 6. L e f t kidney and sup rarenal gland
sec tioned  to show ex te n t o f  
sup rarenal haemorrhage.

Explanation o f  P la te  I I .
F ig . I I  -  Case 6. SectloxiL o f  a  v eg e ta tio n  from
th e  m itr a l  va lv e  s ta in e d  by 
Gram, s  method to  show 
gram p o s i t iv e  dlpXoeocdL.
x  ISOO.
PLATE I I .
PLATE I I I .
Explanation o f P la te  I I I .
f ig .  X -  Case 7.
F ig . XI -  Case 7.
P ig . XII.
Suprarenal haemorrhage showing 
ex ten siv e  haem orrhagic n e c ro s is  
o f  th e  suprarenal gland w ith 
d e s tru c tio n  o f the  co rtex  and 
m edulla.
x 55.
The same sec tio n  a t  a h igher 
m ag n ifica tio n . Note th e  c o l le c t io n s  
o f  s c a tte re d  n u e le i ,  red  bicod 
co rp u sc les , snd a reas  o f  n e c ro s is .
Suprarenal gland o f  gu inea-p ig
(H & E) to  show th e  normal h is to lo g y
o f  th e  c o rtex  and m edulla.
x 50.
PLATE I I I .
Fig. X.
Fig. XII.
PLATE IV.
Explanation o f  P la te  IV.
f ig .  X III -  Case 9-
f ig .  XIV -  Case 9 .
P ig . XV -  Case 9*
Appearance o f  b ra in  in  th e  fu lm in atin g  
fo m  o f  ce reb ro sp in a l fe v e r  a sso c ia ted  
w ith sup rarenal haemorrhage. There i s  
mucoid exudate but no pus on the  
v e rtex . Note s c a tte re d  a rea s  o f 
haemorrhage.
Base o f  b ra in . Note th e  absence o f 
p u ru le n t exudate.
Kidney and sup rarenal gland a ttach ed . 
Note sup rarenal haemorrhage and 
m u ltip le  p e te c h ia l haemorrhages on 
su rface  o f  kidney.
f ig .  XVI -  Case 9« Kidney and sup rarenal gland sec tioned
to show th e  ex ten t o f  su p raren a l 
haemorrhage.
Fig. XIII. Fig. XIV.
Fig. XV,
F ig . XVI.
p l a t e  i v .
ANALYSIS OF FATAL CASES.
Of the 256 cases of cerebrospinal fever treated with the 
sulphonamide drugs, thirty seven died, representing a case 
fatality of 1U-J+5 per cent. When one considers the results 
obtained by other workers this figure must be considered high.
An analysis of the cases however will show that the majority 
were acutely i l l  on admission to hospital and that in several, 
death was due to a sudden overwhelming toxaemia where the 
fulminating character of the infection forestalled any curative 
effect likely to be exercised by the chemotherapeutic agent 
employed. In others there were present pre-existing 
complications often non-meningococcal in character such as 
enteritis and bronchopneumonia, all of which contributed largely 
to a fatal issue. Moreover it must be remembered that the 
present investigation was carried out during a high epidemic 
prevalence of the disease and was therefore designed to test the 
sulphonamide drugs under severe conditions.
Post mortem investigations including histological 
examinations were conducted personally with the exception of one 
case for the reasons indicated. Plates illustrating the 
pathology of the disease are reproduced at the end of this 
chapter. The macroscopic and microscopic changes found in 
suprarenal haemorrhage are shown in the plates included in 
Chapter VI.
Cases will be arranged and discussed with reference to the 
various drug groups. Some of them have already been described 
in previous chapters to which the reader is referred.
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S g fflW  A*
(May - December 19U0)
Group 1 - Sulohanilami de.
In this group there were two deaths in the thirty seven 
cases treated, representing a case fatality of 5.2+ per cent.
Case 1.- M.MfP. - male aged 8 months admitted to hospital 
on 3rd. day of illness. Extremely i l l  and in convulsions on 
admission. Pale, toxic-looking and poorly nourished. There 
were present nuchal rigidity, head retraction and opisthotonos, 
i’ontanelle depressed. Internal strabismus of right eye. 
Temperature 99*7° P., pulse rate li*.0, respiration rate UO.
Heart sounds of poor quality, pulse of poor volume. Chest 
clear. Enteritis with green and offensive stools. Lumbar 
puncture revealed a turbid fluid under pressure and containing 
abundant intra- and extracellular meningococci.
The age of the patient in association with the state of 
nutrition, and the presence of enteritis made the prognosis 
grave in this dase. Specific therapy was commenced immediately 
and syrup of chloral in combination with lumbar puncture helped 
to control the convulsions. Heat was applied and stimulants 
administered. Intraperitoneal salines were given twice per 
day. Signs and symptoms persisted and the cerebrospinal 
fluid remained turbid and infedted after forty eight hours.
The child’s condition rapidly deteriorated and was aggravated 
by severe enteritis. The temperature which had at first shown 
signs of falling gradually rose, and dust before daath on the 
morning of the third day after the patient’s admission to 
hospital, reached 102.8° P.
£ase 11.- J.McG. - male aged 1 year admitted to hospital on 
2nd. day of illness. Comatose on admission, colour pale, 
well nourished. Marked head retraction, fontanelle bulging. 
Temperature 103° F* > pulse rate 160, respiration rate 5 6*
Heart sounds of poor quality, pulse thready. Chest clear. 
Lumbar puncture revealed a turbid fluid under pressure and 
heavily infected with intra- and extracellular meningococci. 
Culture on blood agar produced a heavy growth of meningococcus 
colonies.
There was no response to sulphanilamide. The patient 
remained in a comatose state and pyrexia continued between 
102° - 103° P. The pulse increased to 160 per minute and 
soon became imperceptible. The chest remained clear. Death 
took place on the second day after the patient’s admission 
to hospital.
Group 11 - Sulphthiazole.
In this group there were six deaths in the twenty-nine 
cases treated, representing a case fatality of 15*38 per cent. 
Case 1.- J.S. - male aged 8 months admitted to hospital on 1st. 
day of illness. Acutely i l l  with marked nuchal rigidity. 
Fontanelle bulging. Nutrition poor. Temperature 101° P., 
pulse rate lhh, respiration rate 38. Heart sounds of good 
quality, pulse irregular in rhythm and of poor volume. 
Widespread bilateral bronchopheumonia and enteritis with 
green stools. Lumbar puncture revealed a turbid fluid very 
thick in character and containing abundant meningococci the
majority of which were extracellular.
This child was in an obviously dying condition when 
admitted to hsspital. It was very doubtful if treatment 
although commenced immediately could be of any avail. Within 
four hours convulsions developed and in spite of lumbar 
puncture and the administration of sedatives they became 
continuous. Temperature hose to 105° P., pulse rate 160, 
respiration rate 2+0. Death took place eleven hours after 
admission to hospital.
Case 11.- E.S. - female aged 9 months admitted to hospital 
on 1st. day of illness. Acutely i l l  with marked nuchal 
rigidity and head retraction. Fontanelle not bulging.
Impetigo of scalp. Well nourished, pale and toxic-looking. 
Temperature 98° P., pulse rate 130, respiration rate 56.
Heart sounds of good quality, pulse of poor volume. Chest 
clear. Lumbar puncture revealed a turbid fluid under pressure 
containing numerous intra- and extracellular meningococci.
It was considered that this child had a good change of 
recovery. The drug was well tolerated and the temperature 
although irregular showed signs of settling. Unfortunately 
within twenty-four hours convulsions developed and in spite 
of treatment became more and more frequent. The temperature 
again became elevated and the child became much worse.
Death took place on the second day after admission to hospital. 
Case 111.- C.D. - male aged 9 months admitted to hospital 
on 3rd. day of illness. Acutely i l l  with nuchal rigidity,
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head retraction and opisthotonos. There was present a 
faint petechial rash on the lower limbs. Fontanelle not 
bulging. Colour poor with slight facial cyanosis. 
Undernourished and dehydrated. Temperature 101° F., pulse 
rate ll+O, respiration rate UU. Heart sounds of poor quality, 
pulse of poor volume. Chest clear. Lumbar puncture 
revealed a turbid fluid under pressure and containing 
abundant intra- and extracellular meningococci.
There was little or no response to sulphathiazole.
Signs and symptoms persisted unchanged for two days when a 
U8-h«mr lumbar puncture was performed. The fluid was s till 
turbid and just as heavily infected with meningococci. 
Intraperltoneal salines helped to control dehydration but 
with regard to the meningitis there was no obvious improvement. 
The temperature ultimately rose to 103° F. 9 and the pulse 
became imperceptible. Death took place the following morning 
on the third day after admission to hospital.
Case IV.- T.A. - male aged 1 year admitted to hospital on 2nd. 
day of illness. Comatose on admission. Thin and emaciated. 
There were present nuchal rigidity and a positive Kernig’s 
sign. Fontanelle not bulging. Temperature 99° F., pulse 
rate 128, respiration rate 36. Heart sounds of poor quality, 
pulse imperceptible. No evidence of pneumonia or enteritis. 
Lumbar puncture revealed an opalescent fluid under pressure. 
The diredt smear showed scanty intra- and extrecsllular
meningococci.
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The patient became moribund soon after admission to
hospital. When first seen it appeared doubtful if any form
of therapy would be effective in promoting recovery. The
o
temperature subsequently rose to 102.4 P. The patient 
lapsed into convulsions and died within twelve hours.
Case V.- R.W. - female aged 19 years admitted to hospital on 
6th. day of illness. Acutely i l l  on admission. Comatose 
and delirious with convulsive spasmodic twitching of the 
arms and legs. She was of poor qhysique and looked toxic. 
Marked nuchal rigidity, head retraction and positive Kernig's 
sign. Incontinence of urine. There was an extensive labial
herpes and an internal strabismus of the fight eye.
o ,Temperature 99 pulse rate 9 6 , respiration rate 28. Heart
sounds of good quality, volume of pulse good. Chest clear.
Lumbar puncture revealed a turbid fluid under pressure
containing numerous intra- and extracellular meningococci.
Blood culture sterile.
The previous history is of interest and may have had an
important bearing upon the course of the disease. The patient
was transferred to Ruchill Hospital from a General Hospital in
the city where she had been admitted three weeks previously
as a case of chorea. This cleared up and the patient was
discharged at her own request after fourteen days in hospital,
but she was readmitted a week later with a recurrence of her
symptoms. On this second occasion she vqas restless and
delirious. Lumbar puncture was performed and the diagnosis
/
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of cerebrospinal fever established.
There was no apparent response to sulphathiazole. Signs
of meningeal irritation increased in intensity. Sedatives
were administered to allay the convulsive twitching which
never ceased, but without avail. The patient’s condition
rapidly deteriorated. Temperature rose on the second day to 
o
101 F., pulse rate 140, respiration rate 30. The convulsive 
movements became more violent and the patient passed into a 
comatose and collapsed state. A terminal bronchopneumonia 
developed and the patient died on the morning of the third day 
after admission to hospital.
It may be that the disease from which this patient died 
was a relapse of a previously mis-diagnosed meningococcal 
infection. If this were so significance is attached to the 
choreiform movements which suggest the presence of an internal 
hydrocephalus, a possible sequel of an untreated case of 
cerebrospinal fever. A similar case will be described later 
in this chapter. Unfortunately a post mortem examination
was not obtained so that one can only theorise on such a 
possibility.
Case VI.- M.M. - female aged k k  years admitted to hospital 
on 6th. day of illness. Acutely i l l  and in a comatose 
condition with incontinence of urine. Well nourished and 
of good physique. Nuchal rigidity, positive Kemig’s sign 
and a marked labial herpes. There was present a fading 
petechial rash on the trunk and limbs. Temperature 99*7° F.,
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pulse rate 92, respiration rate 3 6 . Heart sounds of good
quality, pulse of good volume. Chest clear. Lumbar
puncture revealed a turbid fluid under pressure and containing
abundant meningococci the majority of which were extracellular.
Blood culture sterile*
It may be that this case was too late in coming under
treatment. In spite of intensive intravenous and intramuscular
sulphathiazole the infection progressed. Meningeab signs
persisted and the patient went into deep coma. The rash
disappeared within twenty-four hours but the temperature rose
o oprogressively from 99*2U P. - 101.2 P., with a corresponding
increase in the pulse rate and respiration rate. Her 
condition rapidly deteriorated and the patient died on the 
Second day after admission to hospital.
Comment.
In Series A comprising seventy-six patients treated during 
the period October - December 1940 there were eight deaths, 
representing a fatality rate of 1 0 .5 2  per cent.
Of the eight fatal cases, six were under two years of age, 
and of these, four were complicated by convulsions, 
bronchopneumonia or enteritis.
In five cases death took place on the second day after 
admission to hospital, the remaining three cases surviving t i l l  
the third day.
The age distribution was more favourable with regard to
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to the higher age groups in the sulphanilamide treated 
patients, hut hoth groups had a fairly even distribution 
of cases under the age of two years viz., thirteen and 
fifteen respectively* The greater number of deaths 
among the sulphathiazole treated infants can only be 
ascribed to fortuitous circumstances which resulted in 
the more seriously i l l  of these patients falling into 
this group.
SERIES B.
(January - March 1941)
Group 111 - Suluhanilamide.
In this group there were six deaths in the forty cases 
treated, representing a case fatality of 15 per cent.
Case 1. - D.S. - male aged 4 months admitted to hospital on
i
4th. day of illness. Acutely i l l ,  and toxic looking but well
nourished. Nuchal rigidity and positive Kernig’s sign.
o
Anterior fontanelle bulging. Temperature 98.7 P., pulse rate 
160, respiration rate 36. Heart sounds of good quality, 
pulse of good volume. Chest Clear. No enteritis. Lumbar 
puncture revealed a turbid fluid under pressure and containing 
numerous intra- and extracellular meningococci.
The prognosis was considered to be good in this case.
Primary pyrexia continued for seven days. Signs and symptoms 
cleared up in four days with the exception of the anterior 
fontanelle which remained tense and slightly convex. The 
cerebrospinal fluid was sterile in forty-eight hours and clear in 
ninety-six hours. The drug was discontinued on the tenth day 
although it was observed that the fontanelle was still tense. 
Lumbar puncture was performed on the twenty-first day when the 
fluid was found to be clear and sterile, pressure was thought 
to be slightly increased but the cell count was normal.
Three days later the patient developed an enteritis with green 
stools. Prom this time the condition of the child gradually 
deteriorated. He became pale and listless and refused his 
feeds. Temperature 98° P., pulse rate 110 - 130,
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respiration rate 30* The enteritis cleared up after a 
few days treatment hut there was no improvement in the 
general condition. On the thirty-seventh day after admission 
to hospital, sudden violent convulsions developed, the 
temperature rose to 100° P., and death occurred a few hours 
later.
Autopsy. Respiratory System - Bronchopneumonic consolidation 
of middle and lower lobes of right lung.
Alimentary Tract - No evidence of disease.
Brain - Cerebrospinal fluid increased in amount but 
clear. Great difficulty was experienced in removing the 
brain intact due to generalised softening, and oedema. 
Flattening of the convolutions had occurred. There was no 
evidence of meningitis or purulent exudate. On section the 
lateral ventricles were seen to be grossly distended.
Other organs - No significant pathological changes seen.
The case was one of internal hydrocephalus following 
cerebrospinal fever. The meningitis had cleared up 
satisfactorily. The only indication that all was not well 
during early convalescence was a persisting fullness of the 
anterior fontanelle.
Case 11.- D.S. - male aged 7 months admitted to hospital on 
12th. day of illness. Acutely i l l  with head retraction, 
nuchal rigidity and positive Kernig’s sign. Of good colour 
and well nourished. Temperature 100.2° F., pulse rate 136,
respiration rate 3 6 . Heart sounds of good quality and pulse
of good volume* There were a few scattered crepitations 
to he heard throughout the left lung* Marked enteritis 
with green stools. Lumbar puncture revealed a turbid fluid 
under pressure and heavily infected with meningococci, all 
of which appeared to be extracellular.
Enteritis and bronchopneumonia in combination with 
cerebrospinal fever is of grave omen. Resolution was slow*
The disease ran a course somewhat similar to case 1. Primary 
pyrexia lasted for one week* Signs and symptoms cleared up 
within six days. The cerebrospinal fluid became sterila 
within forty-eight hours and clear within ninety-six hours. 
Baring the second week there was an occasional temporary 
rise of temperature but the child appeared to be making good 
progress. A lumbar puncture however showed that the 
cerebrospinal fluid although sterile was faintly opalescent. 
Sulphanilamide was continued at a reduced dose until the end of 
the second week, the temperature remaining settled. The 
cerebrospinal fluid now became clear and the child appeared to 
be making a good recovery. Toward the end if the third week 
a change was noticed. The patient was pale and listless and 
would not take his feeds. There was no pyrexia. The 
cerebrospinal fluid was clear and sterila and under slightly 
increased pressure: cell count normal. In the course of the 
next three weeks the child*s condition remained stationary. 
Subsequently vomiting after his meals became of frequent 
occurrence and a commencing dehydration was controlled by
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by intraperitoneal salines. He developed an enteritis 
and a terminal bronchopneumonia. Death took place on the 
forty-fifth day after admission to hospital.
Autopsy. Respiratory System - Vesicular emphysema with 
bullae discrete and confluent over the surface of both lungs. 
Some of these bullae contained blood-stained fluid. There 
were scattered areas of bronchopneumonie consolidation 
throughout both lungs.
Alumentary Tract - Inflammation of the mucosa of the ileum*
Brain - Cerebrospinal fluid clear. On the surface of 
the temporal and frontal lobes there were light deposits of 
gelatinous exudate but no pus was seen on any part of the 
brain. Entire brain soft and oede$atous. On section 
there was noted a gross dilatation of the ventricular system.
The case was one of internal hydrocephalus following 
cerebrospinal fever. The meningitis had cleared up 
satisfactorily. The course of the disease was similar 
to that of Case 11.
Case 111. - O.M. - male aged 3 years admitted to hospital 
on 2nd. day of illness. Semi-comatose on admission, pale 
and toxic. Nuchal rigidity, head retraction and positive 
Kernig’s sign. Internal strabismus right eye. Will 
nourished and of good physique. Temperature 100° P., 
pulse rate 130, respiration rate lj-0. Heart sounds of poor 
quality, pulse of poor volume. Chest clear. Lumbar 
puncture revealed a turbid fluid under pressure and
and containing abundant intra- and extracellular meningococci*
There was a good response to sulphanilamide. The
temperature rose to 102.ii.0 p., twenty-four hours after
admission but thereafter declined gradually and returned to
normal within five days. Nuchal rigidity and Kernig’s sign
disappeared after four days. A U8-hour lumbar puncture still
showed organisms in the cerebrospinal fluid but similar
investigations proved negative at the end of ninety-six hours.
The fluid remained slightly opalescent, and the protein content
continued to be high viz., 170 mgm. per 100 c.c.
The patient recovered from coma on the second day. By
the end of the fifth day when all signs and symptoms of the
disease had disappeared the child looked much worse. His
lips were cyanosed and respirations were increased. Examination
of the chest revealed moist crepitations at the bases of the
lungs. When seen the following morning he was in a comatose
state. There was a widespread bronchopneumonia. Rales were
owidespread throughout both lungs. Temperature 99 F* * pulse
rate 150, respiration rate bO• Death occurred on the
morning of the sixth day after admission to hospital.
Autopsy.- Respiratory System - Bilateral bronchopneumonia 
with scattered areas of consolidation throughout both lungs.
Pus exuded from the bronchioles on compression of the lungs.
1 Brain - Appearance was that of a resolving meningitis.
The surface of the brain was congested with a few small 
deposits of pus in the sulci and on the surface of the
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cerebellum. The cerebrospinal fluid was very faintly
opalescent. No dilatation of the ventricular system.
Other organs - No significant pathological change# seen.
Death was precipitated by bilateral bronchopneumonia.
The infection had responded well to sulphanilamide.
Case IV.- J.G. - male aged 5 years admitted to hospital on the
2nd. day of illness. Acutely i l l ,  noisy and delirious.
Nuchal rigidity, head retraction, positive Kernig’s sign and
opisthotonos. There was a widespread petechial rash on the
face,trunk and limbs. The patient was well nourished and of
o
good physique. Temperature 99*6 F., pulse rate 120, 
respiration rate 32. Heart sounds of fair quality, pulse of 
poor volume. Chest clear. Lumbar puncture revealed a turbid 
fluid under pressure and containing abundant intra- and 
extracellular meningococci. Blood culture sterile.
Resolutipn was slow. The patient recovered from delirium 
on the second day. Opisthotonos cleared up in three days but 
nuchal rigidity, head retraction and a positive Kemig’s sign 
persisted for ten days. Primary pyrexia continued for eight 
days. Meningococci were isolated in the cerebrospinal fluid 
on the third day after admission to hospital and although 
subsequent specimens were sterile the fluid was still opalescent 
on the tenth day, a sign of grave prognostic significance.
There was a definite improvement in the patient’s c o n d it io n  
by the end of the first fortnight. Lumbar puncture on th e  
eleventh day revealed a clear and sterile f l u i d .  Su lp h an ilam id e
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which had been administered from the day of admission was 
stopped. Progress continued to he satisfactory. 
Convalescence was interrupted by an occasional rise of 
temperature to 99° P. Lumbar puncture on the twenty-seventh 
day showed the fluid to be clear and sterile and under normal 
pressure: cell count 5 lymphocytes per cub. mm. The patient 
was discharged well on the twenty-eighth day after admission 
to hospital.
The patient was readmitted to hospital six weeks later. 
There was a recent history of ^ its1 but there was no 
evidence on admission of meningeal? irritation. The boy 
looked well and was of good colour. Temperature 98.k °  F* > 
pulse rate 116, respiration rate 2k* Lumbar puncture 
revealed an opalescent fluid under pressure and sterile.
Sulphapyridine therapy was commenced but was replaced 
by sulphanilamide, due to the development of haematuria.
The fluid remained sterile but never became clear. The 
temperature remained normal. On the fifth day after 
readmission a change was noted. The patient now became 
listless and apathetic and would not answer when spoken to. 
Throughout the following day a continuous blinking of his 
left eyelid was observed. Twitching of the facial muscles 
on the left side followed soon after, and only ceased during 
sleep. A remarkable change took place in the course of the 
next few days. Violent and continuous choreiform movements 
of the left arm and left leg developed. The boy became
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became rapidly exhausted and alarmingly emaciated. Sedatives 
failed to control the convulsive movements which spread to 
involve the right arm and right leg and became more violent, 
ultimately continuing throughout the few hours the patient
o Q
was able to sleep* The temperature rose from 98 P. - XOU- P., 
the pulse rate from 100 to 160. A terminal bronchopneumonia 
set in and death took place on the eleventh day after the 
patient’s readmission to hospital*
Autopsy* Respiratory System - Bilateral bronchopneumonia* 
Brain - Entire brain soft and oedematous. Flattening 
of convolutions. Cerebrospinal fluid opalescent. On 
section the lateral ventricles were seen to be grossly dilated 
occupying almost the whole area of the cerebral hemispheres.
The case was one of internal hydrocephalus following 
cerebrospinal fever. Although the subsequent course of the 
disease led me to fear the development of internal hydrocephalus, 
it was not foreseen that this complication would arise six 
weeks after the patient was discharged apparently well from 
hospital*
Case V. B.B* - female aged 5 years admitted to hospital on 
2nd. day of illness* Died on the second day after admission 
to hospital. Diagnosed clinically as a case of suprarenal 
haemorrhage complicating cerebrospinal fever. Por details 
of this case see Chapter VI.
Case VI. J.L. - female aged 38 years admitted to hospital
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on 2nd* day of illness* Gomatose and wildly delirious: 
of good colour and good physique* Nuchal rigidity and 
positive Kernig's sign we&l marked. Temperature 102° F.,
pulse rate 9 6 , respiration rate 32. Heart sounds of good
quality, pulse of good volume. Chest clear. Lumbar 
puncture revealed a turbid fluid under pressure and containing 
abundant intra- and extracellular meningococci. Blood 
culture sterile*
This patient never came out of coma. Primary pyrexia 
continued for five days hut signs and symptoms persisted 
until the day of death. The bacteriostatic effect of the 
drug was negative in this case. Lumbar puncture performed 
at 1+8 hourly intervals produced a turbid fluid heavily 
infected with meningococci. The protein content of the 
cerebrospinal fluid rose progressively reaching 500 mgm. per 
100 c.c. on the day prior to death. On the second day the 
patient developed labial herpes and the same evening a 
petechial rash appeared on the trunk and limbs.
The condition of the patient rapidly deteriorated.
The rash became more widespread, the extremities blue, and 
the pulse thready, a clinical picture not unlike that seen 
in suprarenal haemorrhage. A terminal bronchopneumonia 
developed and the patient died on the seventh day after 
admission to hospital.
Autopsy. Respiratory System - Bilateral bronchopneumonia. 
Brain. - Surface of brain congested with engorgement
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of the superficial veins. Cerebrospinal fluid turbid. There 
were large deposits of purulent exudate in the sulci over the 
vertex, on the frontal lobes and the base of the brain.
Suprarenal Glands - Owing to post mortem changes 
consequent upon the delay in obtaining permission for the 
examination, it was impossible to say if the suprarenal 
glands were haeraorrhagic.
Other Organs - No significant pathological changed seen. 
Death was due to an overwhelming meningococcal infection. 
There was no response to sulphanilamide therapy.
Group IV - Sulphanilamide plus meningococcus antitoxin.
In this group there were five deaths in the forty
cases treated representing a case fatality of 1 2 .5  per cent.
Case 1.- J.McC. - male aged 9 months admitted to hospital
on Uth. day of illness. Comatose on admission. Nuchal
rigidity, head retraction and positive Kernig’s sign:-
internal strabismus right eye. The anterior fontanelle
was bulging. The baby had a cleft palate. He was well
nourished but cyanosed and showed respiratory embarrassment.
o
Temperature 101 P., pulse rate 160, respiration rate 60.
Heart sounds of good quality, pulse soft and thready. There 
was a widespread bilateral bronchopneumonia. Lumbar puncture 
revealed a turbid fluid containing abundant intra- and 
extracellular meningococci: protein content of cerebrospinal
fluid 380 mgm. per 100 c.c.
The child was obviouslyM a dying condition when first
seen in hospital. Treatment was commenced immediately. 
Stimulants were administered and the child was given continuous 
intranasal oxygen. Death occurred eight hours after admission 
to hospital.
Autopsy. Respiratory System - Bilateral Bronchopneumonia.
The disease was extensive involving all lobes. Compression 
of the lungs produced a purulent exudate. There was an area 
of shbpleural hemorrhage over the lower half of the left lung. 
The pleural cavities contained an abnormal amount of fluid.
Brain - Surface of brain intensely congested with 
engorgement of superficial veins. Cerebrospinal fluid was 
turbid. There were extensive deposits of thick pus over the 
vertex and on the frontal and temporal lobes. (Fig.XYll) The
structures at the base of the brain were obscured by massive
collections of purulent exudate. There was no dilatation of the 
ventricular system.
Spleen - congested, soft and friable.
Suprarenal Glands - Normal.
Other Organs - No significant pathological changes observed.
Death was precipitated by bronchopneumonia. In an 
overwhelming infection such as this it is doubtful if any 
form of therapy could have been effective.
Case 11. A.C. - female aged 1 year admitted to hospital on 4th.
day of illness. Acutely i l l  on admission but signs of disease
not marked. There was present slight nuchal rigidity but 
Kernig’s sign was 'negative. A scanty petechial rash was
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observed on the trunk* Patient was of good colour and 
well nourished* Temperature 101*2° F*, pulse rate UiO, 
respiration rate 45* Heart sounds of good quality, volume 
of pulse good* Chest Clear* Lumbar puncture revealed 
a turbid fluid containing numerous intra- and extracellular 
meningococci: protein content of cerebrospinal fluid 1*00 mgm. 
per 100 c.c.
The patient appeared to make a good response to therapy.
While all signs and symptoms of the infection had disappeared
by the second day, the temperature remained high rising to 
, o
10m. F. The explanation was forthcoming in the evening of 
the second day when examination of the chest revealed a 
commencing bronchopneumonia with crepitations at the bases 
ofthe lungs. The lung infection advanced with great rapidity* 
By the following morning the child was collapsed and 
cyanosed and bubbling rales were now widespread throughout 
both lungs. The child was too i l l  for a second lumbar 
puncture. Preliminary muscular twitching heralded the 
onset of convulsions and sedatives were administered. The 
child1s condition rapidly deteriorated and death occurred on 
the evening of the third day after admission to hospital*
Autons.v* Respiratory System - Widespread bronchopneumonia 
throughout both lungs: patchy consolidation with purulent 
exudate in the bronchioles*
Brain - There were present all the signs of a severe 
meningitis. The superficial veins on the surface of the
/
brain were engorged, more especially over the right 
cerebral hemisphere* Pus was seen in the sulci and along 
the track of the superficial vessels. There were large 
deposits over the surface of the hemispheres and at the base 
of the brain; the cerebellum was bathed in purulent exudate*
There was no dilatation of the ventricular system.
Other Organs - No significant pathological changes observed.
Case 11* was similar to Case 1 in that death was precipitated 
by bronchopneumonia. There was no evidence that any 
resolution of the meningitis had taken place.
Case 111* E.H. - female aged 3 years admitted to hospital
on 3rd. day of illness. Acutely i l l  and delirious on
admission. Nuchal rigidity and positive Kernig’s sign
present. A petechial rash was present on the buttocks.
The patient was of good colour and well nourished. Temperature 
o
98 P., pulse rate 96, respiration rate 26. Heart sounds
of good quality, pulse of good volume. Chest clear. Lumbar 
puncture revealed a turbid fluid under pressure, but no 
organisms were isolated either in the direct smear or on 
culture; protein content of cerebrospinal fluid over 700 ragm. 
per 100 c.c.
The patient died twenty-four hours after admission to 
hospital following a sudden onset of violent convulsions.
Shortly before death the temperature rose from 98° P. - 100° P* 
and the pulse rate increased from 120 - 160* There was no 
clinical evidence of intrapulraonary disease.
Permission for a port mortem examination was refused.
The sudden onset of convulsions was unexpected. In 
the absence of this complication there was good reason to 
believe that the child would have recovered.
Case IV. P.T. - female aged 6 years admitted to hospital 
on 3rd* day of illness. Died with twenty-four hours of 
admission to hospital. Diagnosed clinically as a case of 
suprarenal hermorrhage complicating cerebrospinal fever.
For details of this case see Chapter VI*
Case V. M.B. - female aged 25 years admitted to hospital
on 3 rd. day of illness. Acutely i l l  on admission, comatose
and wildly delirious. Nuchal rigidity, peaitive Kernig’s
sign and opisthotonos well marked. There was also present
a bilateral strabismus. A scanty petechial rash was visible
on the trunk and limbs. Her colour was poor. She looked
o
extremely toxic. Nutrition good. Temperature 100 F., 
pulse rate 90, respiration rate 2a. Heart sounds poor in 
quality, pulse of good volume. Chest clear. Lumbar 
puncture revealed a turbid fluid under pressure and containing 
abundant meningococci, Examination of the direct smear showed 
large collections of extracellular meningococci scattered 
throughout the field. Protein content of the cerebrospinal 
fluid 700 mgm. per LOO c.c. Blood culture sterile.
The primary pyrexia continued throughout the course of 
the illness ranging between 99° - IQ^ 0 F. Signs and
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symptoms never completely disappeared# Nuchal rigidity 
and Kernig*s sign were present until the day of death. A 
widespread labial herpes developed on the second day. She 
recovered from coma on the third day hut never regained her 
normal mental faculties. On the fifth day she complained 
of*seeing double*. Lumbar puncture was performed at 48-
hourly intervals. On each occasion the fluid was turbid and
heavily infected with meningococci.
During the second week the patient developed persistent 
sickness and vomiting. She lost weight rapidly. Fluid l o s s  
was compensated by intravenous glucose-saline administered 
usually twice per day. Sulphanilamide was continued in 
4-hourly doses. It was obvious that the patient was not 
responding to therapy. The temperature remained high and  
signs and symptoms continued unchanged. Lumbar puncture  
was performed on three occasions during this second week, 
and in all specimens meningococci were isolated. The f l u i d  
continued to be turbid and it was noted to be under g r e a t ly  
increased pressure. The patient was now mentally un b alan ced  
and unable to co-operate in any way.
During the third week in hospital the p a t ie n t  d r i f t e d  
into a semi-comatose state. She developed a p e r s i s t e n t  and  
distressing hiccough. Two lumbar p u n ctu res were perform ed in 
the course of this week. The c e r e b r o sp in a l f l u i d  was s t i l l  
under increased pressure, opalescent and s t e r i l e *  She became 
much worse and gradually passed in t o  deep coma. Death
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occurred on the twenty-fourth day after admission to hospital.
Autopsy. Brain - Brain substance was soft and oedematous. 
Flattening of the convolutions had occurred. Brain surface
congested. Cerebrospinal fluid opalescent. Apart from a
few small deposits of mucopus the surface of the brain was 
clear. When the pons and cerebellum were removed the 
cerebrospinal fluid gushed from the aqueduct of Sylvius and 
continued to pour out under pressure for some few seconds 
thereafter. The aqueduct was enonmously dilated measuring 
almost four millimetres in diameter. On section of the 
brain the hemisphere^  were seen to be almost hollow, to such 
an extent had the lateral ventricles become dilated under the 
pressure of the cerebrospinal fluid. The fluid in the 
ventricles was opalescent and contained flakes of fibrinous 
material.
Other Organs - No significant pathological changes seen*
The case was one of internal hydrocephalus following 
cerebrospinal fever. In no other case of internal 
hydrocephalus was there seen such a gross dilatation of the 
whole ventricular system. The initial meningitis had 
responded satisfactorily but slowly to sulphanilamide.
/
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In Series B comprising eighty patients treated during 
the period January - March 1941 there were eleven deaths, 
representing a fatality rate of 13-75 per cent#
Of the eleven fatal cases, four were under two years 
of age. In four the disease was complicated hy bronchopneumonia, 
in four by internal hydrocephalus, in two by suprarenal 
haemorrhage and in three by convulsions.
In four cases death took place within two days of 
admission to hospital.
The fatal eases were fairly evenly distributed among 
the various age groups.
In Series B, compared with Series A, there was an 
increase in the incidence of bronchopneumonia and hydrocephalus.
In Series B where routine post mortem examinations were 
carried out, it will be seen that in the majority of cases 
the complications of the, disease, and not any inability on the 
part of the drug, contributed to a fatal issue*
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S E R I E S  < ? >
(April - October 1941)
Group V - Sulpha p.vrldine.
In this group there were eighteen deaths including two 
cases of meningococcal septicaemia without meningitis in 100  
treated cases, representing a case fatality of 18 per cent.
Qdse 1. S.H. - female aged 1 month admitted to hospital on 6th. 
day of illness. Delirious and in a semi-comatose condition. 
Nuchal rigidity and positive Kernigfs sign present. Anterior
fontanelle not bulging. Marked pallor. Well nourished.
o — -
Temperature 100 P., pulse rate 156, respiration rate 60.
Heart sounds of poor quality, pulse of poor volume. Chest clear.
Severe enteritis with green stools was present. Lumbar puncture
revealed a thick turbid fluid, obtained with difficulty due
to clots of fibrinous exudate blocking the needle. Examination
of the direct smear showed abundant clusters of meningococci
mostly extracellular in the field. The number of organisms
seen was comparable to the profuse growth of organisms seen
in pneumococcal meningitis: culture on blood agar produced
a heavy growth of meningococci. Protein content of the
cerebrospinal fluid 600 mgm. per 100 c.c.
The profound toxaemia associated with the disease and
aggravated by a co-existing enteritis made the prognosis
grave. Drug therapy was commenced and intraperitoneal
salines administered but the infant made no progress.
Twelve hours after admission to hospital the patient went
went into convulsions. The temperature rose to 105° F., and 
death occurred one hour later.
Autopsy. Brain - The pathology was characteristic and 
presented a now familiar picture. There was no apparent 
resolution of the meningitis. Marked engorgement of the 
superficial vessels. Cerebrospinal fluid turbid. Surface 
of brain from vertex to base bathed in a thick purulent exudate.
No dilatation of the ventricular system.
Alumentary Tract - Intense congestion and inflammation 
of the mucosa of the small intestines.
Other Organs - No significant pathological changes observed. 
The case was one of fulminating cerebrospinal fever. Death 
was accelerated by the presence of a severe enteritis. There was 
no evidence of resolution of the meningitis.
Case 11. B.N. - male aged 2 months admitted to hospital on
3rd. day of illness. Comatose, slight nuchal rigidity.
, 0Pale and toxic. Not well nourished. Temperature 99*4- F* , 
pulse rate UlO, respiration rate U8. Heart sounds poor in 
quality, pulse thready. Chest clear. The viscid nature of 
the cerebrospinal fluid did not permit of more than a few drops 
being obtained. Examination of the direct smear revealed a 
profusion of extracellular organisms similar to that seen in 
Case 1. There was a heavy growth of meningococci on culture. 
There was insufficient fluid to determine the protein content.
The child was in a dying condition on admission to 
hospital. Although drug therapy was begun immediately the
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the disease progressed to a fatal issue within ten hours.
Autopsy. Brain - Congested and oedematous. Convolutions 
filled with pus.(Pig. XV111). The entire surface of the 
"brain was covered with green purulent exudate from the vertex 
to the "base posteriorly and to the tips of the frontal lobes 
anteriorly. The pathological picture was not unlike that 
seen in pneumococcal meningitis. A loopful of pus from the 
"brain surface however, inoculated on "blood agar confirmed the 
bacteriological findings of the cerebrospinal fluid during 
life. A heavy growth of meningococci was obtained. There 
was no dilatation of the ventricular system.
Other Organs - No significant pathological changes seen. 
The case was one of fulminating cerebrospinal fever. Death 
took place before the drug could have any appreciable effect.
Case 111. I.B. - male aged 5 months admitted to hospital on 
2nd. day of illness. Convulsing on admission. Signs of 
meningeal? irritation few. Slight nuchal rigidity and 
doubtful Kernig*s sign. Anterior fontanelle bulging. Colour 
poor, undernourished: 1 Pigeon* chest. Temperature 100° P., 
pulse rate 136, respiration rate 32. Heart sounds poor in 
quality, pulse of fair volume. Crepitations were heard at 
the base of the left lung. There was also present enteritis 
with green and very offensive stools. Lumbar puncture 
revealed a turbid fluid under pressure and containing abundant 
intra- and extracellular meningococci. Protein content of 
cerebrospinal fluid 400 mgm. per 100 c.c.
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The presence of a co-existing enteritis and clinical 
evidence of a commencing pneumonia made the outlook in this case 
very poor. Previous experience with similar cases pointed to 
a poor response to therapy. Primary pyrexia lasted for five 
days. Apart from a bulging anterior fontanelle signs and 
symptoms had disappeared by the second day but their absence 
could hardly be attributed to favourable progress. The child 
was becoming weaker and was: soon too i l l  and collapsed to 
show signs of meningeal irritation. In spite of active 
measures in their control convulsive fits continued to be of 
frequent occurrence. Bronchpneumonia became widespread in the 
left lung.
Lumbar puncture was performed at 8^-hourly intervals. On 
each occasion abundant meningococci were isolated in the 
cerebrospinal fluid. The fluid showed no signs of clearing
but remained turbid. Prom an initial reading of 1+00 mgm. per
100 c.c. the protein content had only dropped to 300 mgm. by the 
end of the fifth day of treatment.
The child*a condition rapidly deteriorated. Repeated 
convulsions led to exhaustion* emaciation and dehydration 
followed enteritis. Latterly acute distension of the 
abdomen rendered hazardous the further administration of 
intraperitoneal salines. Death took place in the evening of the 
fifth day after admission to hospital.
Autopsy. Respiratory System - Partial consolidation lower
half left lung. Purulent exudate in the bronchioles.
Alimentary System - Severe enteritis with haemorrhage into
Beyer*s patches.
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Brain - Appearance of brain was similar to Cases 1 and 11. 
The brain substance was oedematous, the convolutions flattened. 
Marked congestion of the superficial veins. Cerebrospinal fluid 
turbid. Large deposits of thick pus covered the brain surface 
from the frontal lobes over the vertex to the base where 
extensive deposits obscured the structures.
Other Organs - No significant pathological changes observed. 
Death was accelerated by enteritis and bronchopneumonia. In 
spite of five days* treatment there was no response to 
sulphapyri dine •
Case IV. I.H. - female aged 7 months admitted to hospital on
3rd. day of illness. Child acutely i l l  on admission, very
restless and screaming. Nuchal rigidity and positive Kernig's
sign present. Anterior fontanelle bulging. There was a
scanty petechial rash on the trunk. Pale and toxic. Well
.o
nourished. Temperature 100.6 P., pulse rate 130,
respiration rate U8 . Heart sounds of good quality, pulse 
of good volume. No clinical evidence of disease in the 
chest. There was present an enteritis with green stools.
Lumbar puncture produced a turbid fluid under greatly increaded 
pressure. Examination of the direct smear revealed enormous 
collections of meningococci mostly extracellular. There was 
a heavy growth of organisms on culture. Protein content of 
cerebrospinal fluid not ascertained.
The patient showed little response to therapy. Pyrexia 
continued until the day of death. Dehydration quickly ensued
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and intraperitoneal salines were administeeed freely. She 
took frequent attacks of screaming fits and could not "be 
quietened. On the second day sickness, accompanied by 
’black* vomiting, commenced and recurred at frequent intervals.
Lumbar puncture performed forty-eight houra after admission 
to hospital showed no change in the cerebrospinal fluid. The 
fluid was turbid and just as heavily infected with meningococci 
as was the specimen examined on admission* The anterior 
fontanelle which had remained tense and bulging became relaxed 
slightly after Uo c.c. of spinal fluid had been removed.
The child’s condition was seen to be much worse on the 
evening of this second day. Enteritis was not so severe as in 
previous fatal cases. The chest appeared to be clear. 
Respiration rate increased, the lips became cyanosed and there 
was marked pallor of the face. The pulse was thready and 
almost imperceptible. Death occurred on the morning of the 
third -day after admission to hospital.
Autopsy.' Respiratory System - Patchy bronchopneumonic 
consolidation throughout both lungs. Probably a terminal 
phenomenon.
Alimentary Tract - Some slight Inflammation of the mucosa 
of the small intestines.
Brain - Typical of a severe meningococcal meningitis.
Intense congestion with engorgement of the superficial vessels. 
Flattening of the convolutions. Cerebrospinal fluid turbid.
Large deposits of pus in the frontal, temporal and occipital 
areas. Extensive deposits of purulent exudate at base of brain.
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Fluid in the ventricles was turbid. There was no dilatation 
of the ventricular system.
Other Organs - No significant pathological changes observed. 
The case was one of severe meningococcal meningitis. The 
enteritis was not severe hut no doubt helped to contribute to 
the fatal issue. The bronchopneumonia found post mortem was 
probably a terminal phenomenon.
Case V. M.W. - female aged 1 year admitted to hospital on 
10th. day of illness. Acutely i l l  with nuchal rigidity, head 
retraction and positive Kernig's sign. Anterior fontanelle 
tense and bulging. Child was collapsed and dehydrated. She 
was poorly nourished, toxic looking and listless. Temperature 
98° F., pulse rate 340, respiration rate kk* Heart sounds of 
good quality, pulse of poor volume. The mother explained that 
her child had had a fbad chest1 since biirth. It was observed 
that on admission the patient had a harsh spasmodic cough.
Ronchi were heard throughout both lungs. Stools tLnforraed, 
foul smelling but not green. Lumbar puncture revealed an 
opalescent fluid under increased pressure and containing abundant 
intra- and extracellular meningococci.
Drug therapy was begun and intraperitoneal salines were 
administered twicd daily during the first three days. The 
child took little fluid by mouth. Primary pyrexia continued 
until the day of death. Head retraction increased and by 
the evening of the second day there had developed a well marked 
opisthotonos. The child looked desperately i l l  and her
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her condition was aggravated by respiratory embarrassment* On 
the third day convulsions developed but were controlled by 
lumbar puncture and sedatives* Signs and symptoms continued 
unabated. Attention was first drawn at this time to the 
patientfs eyes which appeared fixed and staring.
Lumbar puncture was performed at US- hourly intervals 
during the first eight days. Five such operations were 
performed. All specimens of fluid examined were turbid, 
under greatly increased pressure, and heavily infected with 
meningococci. The protein content of the fluid remained 
persistently high between 200 - 300 mgm. per 100 c.c. The 
fontanelle which was tense and bulging became temporarily 
relaxed after each lumbar puncture. It was obvious that 
the patient was not responding to sulphapyridine.
The patient*s eyes were examined by Mr. Marshall, 
consultant ophthalmologist to the hospital. His report is 
as follows:- "There does not appear to be any perception 
of light present. The fundi are normal. There is a bright 
surface reflex in the disc - macular area but the discs are 
definitely not swollen. Conjugate deviation to the right 
is present." This report in conjunction with the clinical 
course of the disease was strongly suggestive of internal 
hydrocephalus•
Convulsions and twitching of the limbs became a constant 
feature during the last few days of the illness. As the 
child*s condition became worse head retraction and opisthotonos 
gradually disappeared. Ronchi continued to be widespread
throughout the lungs hut no moist sounds were heard. The 
temperature increased to 101+0 F., just before death on the 
eighth day after admission to hospital.
Autoosy. Respiratory System - A few scattered patches 
of consolidation were present in both lungs. The base of 
the left lung was bound to the pleura and diaphragm by 
strong adhesions.
Brain- Surface of brain dry and convolutions flattened. 
Massive deposits of pus over the vertex and base of brain. A 
loopful of pus from the surface of the* brain was inoculated 
on blood agar. A heavy growth of meningococci resulted.
On section of the brain the ventricles were widely dilated 
and full of turbid fluid. There was marked dilatation of 
the aqueduct of Sylvius.
Other Organs - No significant pathological changes observed.
It would appear that internal hydrocephalus was established 
before this case came ■under treatment. The patient was not 
seen .until the tenth day of illness. The clinical course 
of the disease suggested the presence of such a complication.
Case VI. Double Infection of the Meninges with Meningococcus
and Pneumococcus.
The uniqueness of the following case justifies its being
recorded in some detail. The patient in the course of
meningococcal meningitis succumbed to a pneumococcal
meningitis. There are several published reports of double
infection of the meninges. Gaffney (19U0) reports a case 
of mixed infection of the meninges with the H.Influenzae and/
and pneumococcus. Reid and Lipscomb (I9i4.0) record an 
instance of streptococcal meningitis and pneumococcal 
meningitis in the same patient. More recently in February 
1 9 k l  Drs T. Anderson and K.J. Guthrie recorded a case of 
double infection of the meninges with the meningococcus and 
Gaertnerfs bacillus, admitted to Ruchill hospital. Double 
infection of the meninges with the meningococcus and the 
pneumococcus is rare. In Muir and Ritchiefs Manual of 
Bacteriology (1937) Chapter Vlll, reference is made to mixed 
infection of the meninges. It is stated (p.362) that 
’the pneumococcus has been found associated with the tubercle 
bacillus and also with the meningococcus, sometimes appearing 
as an additional infection to the latter’•
Published reports on mixed infection of the meninges 
with the meningococcus and pneumococcus are few. Worster- 
Drought and Kennedy quote examples by Sophian who recorded 
instances where cerebrospinal fever was complicated by a 
secondary pneumococcal meningitis during the Texas epidemic 
of 1912. Wilson et al. (1916) mention two cases. Netter 
and Salanier (1917) have tabulated twenty-three cases of 
secondary pneumococcal meningitis occurring during the course 
of cerebrospinal fever. The importance of culture of the 
pneumococcus before cases of double infection can be accepted 
as proven has been emphasised by Worster-Drought and Kennedy.
Dr Tom Anderson has kindly furnished me with details of 
a case of mixed meningococcal and pneumocoecal infection in
in an adult male aged thirty-seven years,which came under his 
care in Ruchill Hospital in April 1939. The diagnosis of 
cerebrospinal fever was confirmed bacteriologically on the 
patient’s admission to hospital. Sulphapyridine therapy 
was instituted. The temperature appeared to settle on the 
third day of treatment but rose again twenty-four hours later 
when lumbar puncture revealed a turbid fluid under pressure.
A sharp elevation of temperature on the seventh day pointed 
to the possibility of drug fever and treatment was discontinued. 
Lumbar puncture on the eighth day of treatment produced a 
turbid fluid from which meningococci and pneumococci grew 
on culture. The latter organism when submitted to further 
examination was identified as a type XX111 pneuipococcus; 
sulphapyridine was recommenced. A few hours before the 
patient’s death on the ninth day after admission to hospital 
a pure growth of pneumococcus type XX111 was: obtained from 
culture of the patient’s blood. An extensive purulent 
meningitis was found post mortem. There was no evidence of 
pneumonia. Cultures from the lungs and spleen proved 
negative but a pneumococcus type XX111 was grown from 
purulent exudate at the base of the brain and from necrotic 
and caseous material in the right middle ear. There is no 
doubt that an etitis media of which there was no clinical 
evidence during life was the primary focus of a secondary 
pneumococcal meningitis.
The only other recent report of mixed meningococcal and
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and pneumococcal meningitis is, as far as I am aware, that 
published by Rosenblum and Pearlman (19^ 2). The patient, a 
female aged seventeen years,after api->arent improvement from 
cerebrospinal fever treated with sulphanilamide and 
antimeningococcus serum had a recurrence of symptoms. Examination 
of the cerebrospinal fluid revealed a pneumococcus type VI. 
Sulphapyridine therapy was instituted and recovery eventually 
took place in spite of a relapse on five occasions. The case 
bears a striking resemblance to the one about to be described*
Case History*
The patient was a female aged 1 year admitted to hospital 
on 1st. day of illness. Her previous medical history was 
uneventful. This was her first illness.
First week* The patient was admitted to a hospital in the city
suffering from convulsive fits. Lumbar puncture revealed a
turbid fluid and she was transferred the same day to Ruchill
Hospital. On admission the child was seen to be acutely i l l ,
pale and toxic. She was very restless and just recovering
from a convulsive seizure. There had been much sickness and
vomiting. There was slight nuchal rigidity but Kernig’s sign
was doubtful. The anterior fontanelle was not bulging. She
o
was well developed and well nourished. Temperature 102 F., 
pulse rate 160, respiration rate 36. Heart sounds of good 
quality, pulse of poor volume. Chest clear. Lumbar puncture 
revealed a turbid fluid mnder pressure and containing numerous 
intra- and extracellular meningococci* Protein content of
of cerebrospinal fluid 500 mgm* per 100 c. c.
Primary pyrexia continued until the fourth day when the 
temperature settled. Signs and symptoms had subsided by the 
beginning of the third day. There was one convulsive seizure 
on the second day. The child remained pale and toxic but 
her condition was considered satisfactory.
In ali; four lumbar punctures were performed during 
the first week. The cerebrospinal fluid was sterile in 
forty-eight hours and was subsequently pronounced clear on the 
seventh day of treatment. There was a progressive drop in 
the protein content from 500 - 300 - 220 - 50 mgm. per 100 c.c. 
Everything pointed to a good recovery.
Second Week. A recrudescence of the infection occurred on the
ninth day of illness, less than twenty-four hours after
sulphapyridine had been discontinued. The drug was recommenced.
The temperature which had been normal from the fourth day rose
owithin twenty-four hours to a maximum of 103 F. Nuchal 
rigidity and positive Kernig's sign were well marked. A 
widespread labial herpes made its appearance. Lumbar puncture 
produced an opalescent fluid under pressure. The direct smear 
was negative but meningococci were isolated on culture.
The course of the recrudescence was similar to the initial 
infection. The pyrexia continued for five days. With the 
exception of labial herpes signs and symptoms had disappeared 
after three days.
Two further lumbar punctures were performed, the first 
at the end of forty-eight hours. The fluid was opalescent.
The direct smear was negative hut meningococci were isolated 
on culture. At the end of ninety-six hours the cerebrospinal 
fluid was found to be clear and sterile.
The child made a good recovery and the drug was stopped
eight days after the onset of the recrudescence.
Third Week. Twenty-four hours after the drug had been stopped
o
the temperature rose to 102.8 P. Lumbar puncture was 
performed but the cerebrospinal fluid was found to be clear 
and sterile. The temperature quickly settled.
Two days later the child was acutely i l l  with a 
o
temperature of 103 P* > nuchal rigidity, head retraction, and 
a positive Kernig  ^ sign. A second lumbar puncture was 
performed and an opalescent fluid was obtained. There were 
abundant intra- and extracellular meningococci in the direct 
smear while culture on blood agar produced a heavy growth of 
organisms. On the assumption that the organism had become 
insensitive to sulphapyridine the drug was changed to 
sulphanilaraide, administered in doses of 1.0 gramme -^hourly.
In the course of the next few days the child's condition 
rapidly deteriorated. lyrexia continued. She developed a 
marked opisthotonos and ptosis of the right eyelid. Internal 
hydrocephalus was suspected.
Lumbar puncture performed on the fifth day after the 
onset of this second recrudescence revealed a turbid fluid 
under increased pressure. Examination of the direct smear 
showed enormous collections of gram negative and gram positive 
fllplococci, the latter predominating. Culture of the fluid
fluid on "blood agar produced a heavy growth of flat green 
colonies. The colonies when submitted to further examination 
were identified as a pure growth of type Vl pneumococcus.
Death occurred on the twentieth day after admission to 
hospital.
Autopsy, Brain - Generalised oedema and softening. 
Convolutions flattened. Cerebrospinal fluid turbid. The 
entire brain surface was bathed in a green purulent exudate 
which filled the sulci and obscured the vessels. (Plate XIX). 
There were extensive purulent deposits at the base especially 
marked round the optic chiasma. (Plate XX) The brain was soft 
and friable and adherent to the vault of the skull. It was 
impossible to remove it without causing damage to the brain 
surface. The ventricles were dilated and full of turbid fluid.
A loopful of pus from the brain surface was inoculated on 
blood agar. A heavy growth of type VI pneumococcus resulted.
Respiratory System - Bilateral bronchopneumonia.
Middle Bars - Not diseased. Swabs taken from the middle 
ears were inoculated on blood agar, but proved negative.
Other Organs - No pathological changes observed.
The case was one of pneumococcal meningitis superimposed 
upon cerebrospinal fever. It is assumed that the recrudescence 
of the meningococcal infection was due to the fact that the 
drug was stopped too soon.
The pneumococcal meningitis was apparently secondary to 
intra-pulmonary disease not diagnosed daring life.
It is of interest to note that the patient had been 
receiving sulphapyridine almost continuously for two 
weeks prior to the onset of pneumococcal meningitis.
Chse Vll. D.McD. - male aged 3 years admitted to hospital on 
3rd. day of illness. Death occurred within forty-eight 
hours. Post mortem examination disclosed "bilateral 
suprarenal haemorrhage. For details of this case see 
Chapter VI.
Case Vlll. C.W. - female aged k years admitted to hospital on 
1st. day of illness. Death occurred within two hours.
Post mortem examination revealed "bilateral suprarenal 
haemorrhage. This case is discussed in detail in Chapter VI.
Case IX. Sagittal Sinus Thrombosis Complicating Cerebrospinal
Fever.
B.F. - a female aged h years was admitted to hospital on 
2nd. day of illness. Acutely i l l  with nuchal rigidity, 
head retraction, positive Kernig*s sign and commencing 
opisthotonos. A petechial rash was observed on the abdomen. 
There was an extensive labial herpes. The patient was 
pale and toxic, but well nourished. Temperature 100° F.,
pulse rate 3l|.0, respiration rate 32. Heart sounds of
good quality, pulse of good volume. Chest clear. Lumbar 
puncture revealed a turbid fluid under pressure and 
containing abundant intra- and extracellular meningococci. 
Protein content of the cerebrospinal fluid 500 mgm. per 100 c.
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The clinical course of the disease augured well for the 
recovery of the patient. Primary pyrexia lasted for twenty-four 
hours, thereafter, apart form two temporary elevations which 
occurred in the course of the two following days the temperature 
remained normal. All signs and symptoms had disappeared hy 
the end of the fourth day when the child was pronounced well 
out of danger.
A U8-hour lumbar puncture produced a turbid fluid. No 
organisms were seen in the direct smear but *fehere was a scanty 
growth of meningococci on culture. At the end of uinety-six 
hours the cerebrospinal fluid was clear and sterile and registered 
a protein content of 200 mgm. per 100 c.c.
The patient collapsed suddenly on the morning of the fifth 
day in hospitall. The pulse was imperceptible and the respirations 
markedly distressed. Death occurred within a few hours. In 
view of the favourable progress of the disease a sudden fatal 
issue was quite unexpected.
Autopsy. The brain exhibited the most intense congestion 
yet seen in these fatal cases of cerebrospinal fever. The 
superficial veins were swollen, engorged, and tortuous. The 
surface of the brain showed a faint pink discolouration. There 
was an area of haemorrhage in each frontal lobe, more extensive 
on the right side where the haemorrhage had extended below the 
surface causing destruction of brain tissue (Pigs. XXI and XXII). 
Numerous smaller haemorrhages were present over the surface of 
the brain. There was a thrombosis of the sagittal sinus.
There were a few small deposits of pus in the sulci and at
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at the "base of the "brain hut the meningitis was obviously 
resolving and had responded well to sulphapyridine.
Other Organs - No significant pathological changes observed.
Case X. R.M. - female aged 6 years admitted to hospital on 
1st day of illness. Death occurred within twenty-four hours. 
Post mortem examination revealed bilateral suprarenal 
hemorrhage. This case is discussed in detail in Chapter VI#
Case XI. M.T. - female aged 17 years admitted to hospital on 
4th. day of illness. Death occurred one week after admission 
to hospital. The patient apparently made a good recovery from 
cerebrospinal fever. Death was attributed to drug toxicity.
For details of this case see Chapter Vlll.
Case Xll. Purulent Pericarditis and Mesenteric Thrombosis
Complicating Cerebrospinal Fever*
M.K. - female aged 19 years was admitted to the Royal Infirmary, 
Glasgow, on May 1st. 1941 suffering from acute abdominal pain.
A diffuse petechial rash was noted on admission to hospital.
The following day the patient suffered from severe sickness 
and diarrheoa. During the early hours of the morning of 
May 3rd., the patient became comatose. Nuchal rigidity 
and a positive Kernig* s sign were present* Lumbar puncture 
was performed and revealed a turbid cerebrospinal fluid 
containing intra- and extracellular gram negative diplococci.
She was transferred the same day to Ruehiil Hospital.
On admission to Ruehi11 Hospital the patient was seen 
to be in deep coma. Slight nuchal rigidity and positive 
Kernig*s sign were present. The abdomen was distended due 
to an acute retention of urine. A widespread petechial 
rash was present on the face, limbs and trunk. She was 
well nourished and of good physique. Temperature 100° P., 
pulse rate 110, respiration rate 28. Heart sounds of good 
quality, pulse of good volume. Chest clear. Lumbar 
puncture revealed a turbid fluid under pressure and containing 
numerous intra- and extracellular meningococci. A heavy 
growth of organisms was obtained on culture. Protein content 
of the cerebrospinal fluid 500 ragra. per 100 c.c. Blood culture 
sterile.
The patient had received a total of 5*0 grammes of 
sulphapyridine given in repeated intramuscular doses of 2.0 g ., 
1.0 g., and 2.0 g. respectively, prior to admission to 
Ruchill Hospital. Intravenous drug therapy was begun 
immediately but the patient made little progress. The
n  0temperature ranged between 99 - 105 » the pulse rate and
respiration rate steadily increased. Retention of urine 
continued and necessitated catheterisation at intervals.
The day after admission to hospital she came put of coma 
sufficiently to take sulphapyridine by mouth but is was 
obvious that her condition was deteriorating rapidly. 
Intravenous glucose-salines were administered twice per day, 
to which was added 1.0 gramme of the sodium salt of
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of sulphapyridine. When seen during the evening of the 
second day she was once more in deep coma. A severe epistaxis 
occurred shortly afterwards. Beath took place at 1.0 a.m. on 
the morning of the third day after admission to hospital.
Autopsy. Respiratory System - Terminal bronchopneumonia.
Brain - Typical appearances of a severe meningitis. Congestion 
of superficial vessels. Cerebrospinal fluid turbid. Large 
deposits of pus filled the sulci and obscured the structures 
at the base of the brain. There was no dilatation of the 
ventricular system. Fluid in the ventricles turbid.
Cardio-vascular system - The pericardium was filled with a 
purulent exudate. The anterior surface of the right ventricle 
presented the typical 'bread and butter appearance1. The 
cavities of the heart were not dilated. Ho pathological 
changes were found in the valves or valvular cusps.
Alimentary System - There was a large Meckel's diverticulum 
six inches in length attached to the ileum about one foot from 
the ileo-caccal valve. The terminal three feet of the ileum 
including the diverticulmm was greenish black in colour and the 
site of a commencing gangrene. The bowel wall was thinned 
out but intact. There was no free fluid in the abdomen.
Other Organs - Ho significant pathological changes.
Gtonito-urinary System - There were no pathological changes 
in the uterus. A purulent exudate was present in the cervix.
Direct smears were examined and cultures on blood agar 
were made from purulent exudate from the brain, pericardium,
/
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cervix and lungs. Ho organisms were isolated.
The pathology of the case indicates a widespread hlooa 
infection. The state of the ileum due presumably to a 
mesenteric thrombosis would account for the acute abdominal 
pain, sickness and diarrhoea, of which the patient initially 
complained.
Case Xlll. C.H. - female aged 21 years admitted to hospital 
on 2nd. day of illness. Death occurred in twenty-four hours 
and was due to suprarenal haemorrhage. This case is 
discussed in detail in Chapter VI.
Case XIV. C.H. - female aged 32 years admitted to hospital on 
6th. day of illness. Delirious and screaming on admission, 
but conscious. Nuchal rigidity and positive Kernigfs sign 
were marked. Labial herpes: petechial rash on chest. The 
patient was three months pregnant. She was well nourished 
and of good physique. Temperature 100.2° P., pulse rate 
100, respiration rate 32. Heart sounds of good quality, 
pulse of good volume. Chest clear. Lumbar puncture revealed 
a turbid fluid under pressure and containing numerous 
meningococci mostly intracellular. Culture of the cerebrospinal 
fluid produced a heavy growth of organisms. Blood culture 
sterile.
Within twenty-four hours of admission to hospital the 
patient collapsed*-and died. Shortly before death a widespread 
cyanosis involving the face trunk and limbs was noted.
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Suprarenal haemorrhage was suspected, hut the sudden fatal 
termination did not allow time for a full clinical 
investigation*
Autopsy* Owing to suspicious circumstances attending the 
pregnancy the post mortem examination was performed hy the 
visiting pathologist to the hospital. Sudden death was 
unexpected and it was thought that there might he a contrihutary 
factor in connection with the pregnancy. The pathologistfs 
report!s quoted in full:-
' General Appearances* The body was that of a fairly well 
developed hut poorly nourished woman; it was slightly jaundiced.
Body Cavities. No excess of fluid had collected in any 
of the “body cavities. A few firm fibrous adhesions had formed 
between the apex of the left lung and chest wall.
Respiratory System. The mucous membrane of the trachea 
and bronchi was not inflamed; the air passages contained a 
small amount of viscid muco-fluid. Some basal congestion 
was present in both lungs.
Cardio-vascular System. The heart was of average size 
and conical in chape. The blood vessels on the surface were 
not tortuous. The cavities of the heart were not dilated.
No pathological changes were found in the valves or valvular 
cusps. The cardiac muscle was pale in colour and soft; its 
wall was not hypertrophied. No marked degenerative change 
was present in the aorta or coronary vessels.
Liver. The liver was of average size, reddish-brown in 
colour, and somewhat congested.The gall bladder contained /
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contained dark greenish "bile.
Urinary System. The kidneys were of average size. Their 
capsules stripped easily exposing a smooth surface* The 
renal substance of "both kidneys was deeply congested but 
the architecture was not altered. The right ureter was 
somewhat dilated. The lining of the urinary bladder was 
not inflamed.
Suprarenal Glands, The right suprarenal gland showed 
no changes. The left appeared congested but no haemorrhage 
had occurred into it. Sections were taken for microscopical 
examination.
e^nerative Organs. The uterus contained a foetus of the 
size generally found after 3 - 3 ^  months* pregnancy. No 
changes of primary pathological importance were found in 
the uterus or its adnexae.
Other Organs. The spleen, pancreas, and alimentary 
tract showed no changes of primary pathological importance.
Cranium and Contents. The skull cap was thicker than 
average. #'The dura mater was not unduly adherent to it  or 
to the underlying leptomeninges. Generally, the cerebrospinal 
fluid was increased in amount and it was somewhat turbid; 
over the base of the brain, and in the spaces between the 
cerebral convolutions over the vertex, the cerebrospinal 
fluid was pale yellowish in colour and purulent. Flattening 
of the cerebral convolutions had occurred. A small 
’pressure cone* had developed oh the under-surface of the 
cerebellum. No gross lesion was found in the substance of
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of the brain or brain stalk.
Commentary*
The case was one of meningococcal meningitis which 
had been Confirmed during life by bacteriological examination.*
Report of Microscopical Examination.
"Suprarenal Gland.
The small capillary blood vessels are markedly congested 
but no haemorrhages have occurred into the substance of the 
gland. No other changes of primary pathological importance 
have been seen.
Pons.
Several of the pontine blood vessels are congested and 
around several of these, polymorphonucleated cell infiltration 
has occurred giving the appearances commonly described as 
’cuffing*. No pathological changes have been seen in the 
substance of the pons.”
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Case_JCV* A. G. - female aged 36 years admitted to hospital on 
1st. day of illness. Death took place just over twenty-four 
hours after admission to hospital and was due to suprarenal 
haemorrhage. This case is discussed in detail in Chapter VI*
Case XVI* G.G. - female aged 56 years admitted to hospital on
1st. day of illness. Deeply comatose. Nuchal rigidity,
head retraction and positive Kernigfs sign present, pale,thin
and toxic. The thyroid gland was enlarged. Temperature 
o
99-2 F., pulse rate Ik4, respiration rate 28. The urine was 
loaded with albumen: there was a trace of acetone. Heart
sounds poor in quality, pulse very irregular and of poor volume. 
Chest clear. Lumbar puncture produced a turbid fluid under 
pressure and containing abundant intra- and extracellular 
meningococci. Protein content of cerebrospinal fluid not 
ascertained. Blood culture positive for meningococci.
The patient made no apparent response to treatment. Pyrexia 
continued throughout the course of the Illness. She remained 
in a comatose state until death occurred on the seventh day 
after admission to hospital. Nuchal rigidity persisted for 
six days. A herpes labialis developed on the fifth day. She 
was unable to take anything by mouth. The passage of a nasal 
tube was accompanied by much retching and vomiting and this 
method of administering the drug was abandoned. Treatment 
consisted of intravenous sulphapyridine given along with 
glucose-salines.
Lumbar puncture was performed at i|.8-hourly intervals. All
/
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All specimens of cerebrospinal fluid were turbid;under pressure, 
and heavily infected with meningococci, with the exception of 
the last specimen taken before death, when the fluid was found 
to be sterile but amber in colour. A blood culture on the 
day before death proved to be sterile.
Autopsy. Brain - Congestion of the superficial veins. 
Cerebrospinal fluid opalescent. Small collections of pus over 
the vertex and at the base of brain but no large deposits seen. 
The meningitis appeared to be resolving. The fluid in the 
ventricles was opalescent and contained flakes of fibrinous 
exudate. There was no dilatation of the ventricular system.
Suprarenal Glands. Both glands were soft and necrosed.
Their extremely friable nature rendered it difficult to remove 
them without causing damage to the internal structure. Owing 
to the length of time which elapsed before the post mortem 
examination could be carried out it was impossible to say whether 
the state of the suprarenals was due to disease or to post 
mortem changes.
Thyroid Gland. The gland was much enlarged, the right lobe 
extending upwards to the angle of the jaw. There were scattered 
irregular areas of fibrosis. A piece of the gland tissue 
removed for microscopical examination was unfortunately 
destroyed in error.
Other Organs. No significant pathological changes observed.
Although the age of the patient would render prognosis 
unfavourable there is no satisfactory explanation why the
/
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the patient should have remained in coma for seven days 
without making any response to drug therapy* One of my 
colleagues investigated the drug levels in the blood and 
cerebrospinal fluid on the fifth day of treatment* The 
concentration of the sulphapyridine in the blood was 16*0 mgm. 
per cent, while the concentration in the cerebrospinal fluid 
was 1U.5 mgm* per cent. In addition to the toxaemia associated 
with the infection it was thought that disease of the thyroid 
gland constituted a contributory factor in producing a fatal 
issue.
Case XVII* J.N. - female aged 56 years admitted to hospital on 
2nd. day of illness* Death took place on the third day 
after admission to hospital and was due to bilateral suprarenal 
haemorrhage. This case is discussed in detail in Chapter VI.
Case XV111. C.N. - female aged 57 years admitted to hospital
on 5th. day of illness. Comatose and deeply cyanosed on
admission. Convulsive twitchings of the facial muscles and
upper limbs. Nuchal rigidity and positive Kernig's sign were
present. Marked labial herpes. Well nourished. Temperature 
o
100.6 P., pulse rate 110, respiration rate 32. Heart sounds
of poor quality, pulse thready. There was marked respiratory 
embarrassment. Examination of the chest revealed bubbling 
rales throughout both lungs. Lumbar puncture produced a turbid 
fluid under pressure and containing abundant meningococci 
mostly extracellular. Protein content of cerebrospinal fluid 
oVer 700 mgm. per 100 c.c. Blood culture positive for 
meningococci. /
/
The patient was obviously in a dying condition on 
admission to hospital. Severe bronchopneumonia accompanied 
by distressed respirations obscured all other signs and 
symptoms of meningeal infection. The patient was propped up 
in bed and intra-nasal oxygen administered. Sulphapyridine 
was given intravenously in 1.0 gramme doses U-hourly. The 
temperature rose to 105° P* Death occurred twenty-four hours 
after admission to hospital. A post mortem examination 
was not obtained.
The case was one of fulminating meningococcal infection. 
Death was accelerated by bronchopneumonia. Had a post mortem 
examination been performed there is no doubt that the 
characteristic pathology of acute meningococcal meningitis 
would have been in evidence.
Comment.
In series C comprising 100 patients treated during the period 
April - October 19W, there were eighteen deaths representing a 
fatality of 18 per cent.
Of the eighteen fatal cases, six were under two years of age 
and three were over fifty years of age.
In three, the disease was complicated by enteritis and 
bronchopneumonia, in one by enteritis alone, and in three by 
convulsions. In one case the disease was complicated by internal 
hydrocephalus. Six patients succumbed to bilateral suprarenal 
haemorrhage. Sagittal sinus thrombosis and purulent pericarditis, 
rare complications in cerebrospinal fever contributed to a fatal 
issue in two patients. One patient died following double infection 
of the meninges. One death was attributed to drug toxicity.
In ten cases death took place within forty-eight hours of 
admission to the hospital and in half of these there was little  
time for the drug to exercise any influence upon the infection.
The incidence of fatal cases tended to be greatest in the 
lowest and highest age-groups.
The incidence of fatal complications in this group is high.
Conclusion
There were thirty-seven deaths amongthe 256 cases treated 
during the period May 1940 - October 1941, representing a 
fatality rate of 14*45 per cent. This figure is high compared 
the results of other workers. It is pointed out however, 
that in contrast to the majority of published reports the 
number of cases considered is a large one; furthermore, it 
is reasonable to assume that the case fatality is higher 
during epidemic prevalence of the disease as opposed to 
inter-epidemic periods when the cases are fewer and less 
severe. It must also be borne in mind that the investigation 
takes no account of adolescent or adult male patients 
suffering from cerebrospinal fever, so that the sample of 
cases contains a high proportion of children. Of the 
256 patients, 124 or 48.43 per cent were under the age of 
five years.
When the infection is complicated by bronchopneumonia 
or enteritis the prognosis is grave. Should these 
complications be well established before the case comes 
under treatment the response to therapy is poor and in many 
cases ineffectual. Of the thirty-seven fatal cases thirteen 
children between the age of one month and three years developed 
bronchopneumonia or enteritis. In seven both these complications 
were present. In table 1 is shown the incidence of broncho­
pneumonia and enteritis in fatal cases belonging the age group 
0 - 3  years.
Table 1 *
Incidence of Bronchopneumonia and Enteritis.
Fatal Cases 0 - 3  years.
Number Name Age
Days i l l  
p r io r  to  
Admission.
Broncho­
pneumonia
E n te r it is
Duration of 
I l ln e s s .  
(Days)
1 S.H. 1 mth. 6 - + 1
2 D.S. k  " k + + * ‘ 37
3 1.3. 5 " 2 + + 3
k D.S. 7 " 12 + + k5
5 I.H . 7 " 3 + + 3
6 J .S . 8 " 1 + + 1
7 J . McP. 8 " k - + 3
8 M.McC. 9 " Ur + - 1
9 A.C. 1 yr Ur + - 3
10 M. W. 1 " 10 + + 8
11 J.T. 1 " 1 + - 20
12 O.M. 3 " 2 + - 6
13 D. McD. 3 " 2 + + 2
+ - Present on admission to hospital.
+ - Developing during course of the illness.
With the exception of four cases (2,9,11, & 12) one 
or other condition was present on the patientfs admission 
to hospital. The duration of illness was short or the 
patient lingered On to die of internal hydrocephalus 
(cases 2, k 9 and 10) or succumbed to a secondary infection 
of the meninges (case 11). Where the duration of the 
illness was less than five days clinical and post mortem 
findings showed that, in spite of treatment, there was 
no evidence of any attempt at resolution of the meningitis.
Five patients died following the development of 
internal hydrohydrocephalus. Of these, four were children, 
the oldest of whom was five years. The average number of 
days of illness prior to admission to hospital in fatal 
cases of internal hydrocephalus was 6.2 days. There is no 
doubt that, irrespective of the drug employed the likelihood 
of this complication occurring increased in proportion to 
the duration of illness prior to the institution of therapy. 
Once an obstruction has developed no amount ©f drug 
therapy can hope to restore the normal circulation of 
the cerebrospinal fluid. For this reason it is better that 
the drug be changed to another sulphonamide if a satisfactory 
response is not obtained within four days.
Fatal complications such as saggittal sinus thrombosis 
and purulent pericarditis are fortunately rare.
It is of interest to note the occurrence of a pneumococcal 
infection following a meningococcal infection treated 
intensively with sulphapyridine and sulphanilamide.
-  255 -
With regard to the fulminating type of infection it is 
doubtful if any form of treatment can he of avail. Of the 
thirty-seven fatal cases nineteen died within forty eight 
hours of admission to hospital and of these eight were 
complicated by suprarenal haemorrhage (See Table 11). When 
death takes place in such a short space of time adequate 
treatment is impossible. A study of the post mortem reports 
shows that in the majority of cases where the patient survived 
beyond the fourth day, there was evidence of resolution of 
the meningitis.
Table 11.
Deaths arranged according to Duration of Illness 
in Hospital*
Group
12 hrs.
Deaths occurring 
within 
2i+ hrs. U8 hrs. 72 hrs
over 
72 hrs.
Total
1 - - 1 1 - 2
11 1 1 2 2 - 6
111 - - 1 - 5 6
IV 1 2 - - 2 5
V 3 2 5 3 5 18
TOTAL 5 5 9 6 12 37
Of the sixteen fatal cases over the age of five years, 
routine blood culture was carried out on admission to hospital. 
Of these, six or 37*5 per cent, produced cultures positive 
for meningococci. The initial bacteraeraia would seem to 
have some prognostic significance in view of the low 
incidence of positive blood cultures in the recovered cases.
The average number of days which elapsed between the 
onset of symptoms and the commencement of treatment was 3*3 
days in the fatal cases. The average duration of illness 
in hospital was 6.16 days. When these cases are excluded 
where the illness was prolonged due to hydrocephalus and 
double infection of the meninges, and if the one instance 
where death was ascribed to drug toxicity is discounted, the 
average duration of illness in the fatal case& is reduced to  
2 .5  days.
The incidence of fatal cases as in the days prior to 
chemotherapy still tends to be highest in the early and late 
years of life. Of the eighty three cases under two years of 
age, sixteen terminated fatally representing a fatality rate 
of 19.27 per cent. In the age group kO - 60 years there 
were four deaths in the nineteen female patients treated, 
representing a fatality of 21.05 per cent. (Table 111)
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Table 111 .
D eaths arranged  a c co r d in g  to  Age Groups*
Age
(Y ears)
O ases D eaths
Case F a t a l i t y  
Hate 
p er  c e n t .
0 - 49 11 22.45
1 - 34 5 14*70
2 - 1+1 5 12.19
5 - 22 3 1 3 .6 3
10 - 40 4 1 0 .0 0
20 - 31 5 9 -8 0
1+0 - 60 19 4 21.05
TOTAL 256 37 14.45
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Appended below  (Table IV) i s  a l i s t  o f  the c o m p lic a tio n s  
a s s o c ia t e d  w ith  th e  f a t a l  c a s e s  o ccu rr in g  during th e  in v e s t ig a t io n .
Table IV *
COMPLICATIONS ASSOCIATED WITH THE THIRTY SEVEN FATAL CASES.
C o m p lica tio n s Number o f  C a ses.
Bronchopneumonia and E n t e r i t i s  13
C on v u lsio n s 10
S u p raren al haemorrhage 8
I n te r n a l  hyd rocep h alu s 3
Secondary i n f e c t i o n  o f  m eninges 1
S a g i t t a l  s in u s  th rom b osis 1
P u ru len t p e r i c a r d i t i s  1
Drug t o x i c i t y  1
*
PLATE V
C h a p t e r  V I 1 .
ANALYSIS OF FATAL CASES.
E x p la n a tio n  o f  P la te  V.
P ig .  XVII -  Case 1 . (Group IV) P u ru len t m en in co eo cca l m e n in g i t is .  
V ertex  o f  h r a in  show ing e x te n s iv e  d e p o s it s  
o f  th ic k  pus over  th e  v e r te x  and on the f r o n t a l  
and tem p oral lo b e s .  Note the engorgem ent o f  th e  
s u p e r f i c i a l  v e s s e l s .  The appearance i s  th a t  
t y p i c a l l y  se en  in  th e  acu te  f a t a l  ty p e  o f  c a s e .
F ig .X V l l l  -  Case 2 . (Group V) P u ru len t m en in g o co cca l m e n in g i t is .
Base o f  b r a in . The e n t ir e  b r a in  i s  c o n g e s te d  and 
oedem atou s. There are e x te n s iv e  d e p o s i t s  o f  pus 
a t  th e  b ase  o f  th e  b r a in . C l in i c a l  co u rse  o f  th e  
i n f e c t i o n  was s im i la r  to  ca se  1 , d ea th  ta k in g  
p la c e  w ith in  a few  h o u rs .
P ig s .  XIX & XX -  Case 6 (Group V)
Double i n f e c t i o n  o f  th e  m eninges w ith  th e  
m en in gococcu s and pneum ococcus. The v e r te x  and  
th e  b a se  o f  th e  b r a in  are shown. N ote g e n e r a l is e d  
oedem a, c o n g e s t io n ,  and f l a t t e n i n g  o f  th e  
c o n v o lu t io n s .  The e n t ir e  b r a in  i s  b a th ed  in  
p u r u le n t  e x u d a te .
F i g .  X V III
PLATE V.
\
P1ATE VI.
E x p la n a tio n  o f  P la te  VI
P ig s .  XXI & XXIX -  Case 9 (Group V)
S a g i t t a l  s in u s  th rom b osis c o m p lic a t in g  
c e r e b r o s p in a l  f e v e r .  The b ase  o f  th e  
b r a in  i s  shown in  p la t e  XXI* Note 
haem orrhage a t  t i p  o f  r ig h t  f r o n t a l  
lo b e .
In  p la t e  XXII th e  r ig h t  c e r e b r a l  
hem isphere has b een  s e c t io n e d  to  show 
th e  area  o f  haemorrhage in  the b r a in  
su b sta n ce*
PLATE VI.
F i g .  XXI, F i g .  X X II,
/
CHAPTER H U .
COMPLICATIONS OF THERAPY.
A. Cheno therapy.
I t  i s  now considered th a t  w hile the  side  e f fe c ts  a t t r ib a te d  
to  th e  sulphohamide drugs are  many, r e la t iv e ly  few are  o f serio u s 
im port. Minor com plications may occur w ithin th e  f i r s t  ten days 
o f  therapy b i t  th e  more se rio u s  com plications are  u su a lly  seen a t  
a l a t e r  d a te . Experience has shown th a t prompt recogn ition  o f  
to x ic  m an ife sta tio n s  followed by proper measures in  th e i r  con tro l 
w ill  g re a tly  dim inish i f  n o t p revent Any adverse in flu en ce  th ese  
drugs might have upon the p a t ie n t .  I f  th e  general p r in c ip le  be 
adopted o f  reducing o r  stopping th e  drug in  the presence o f  to x ic  
re a c tio n s , and a t th e  same tim e, fo rc ing  f lu id s ,  the  r is k s  o f  drug 
poisoning can be reduced to  a minimum.
I t  w ill  s u ff ic e  here to record  b r ie f ly  th e  minor re a c tio n s  
met w ith under th e  various modes o f  therapy. Two cases which 
were follow ed by cereb ra l symptoms and anaemia re sp e c tiv e ly , w ill  
be described  in  more d e ta i l .  A no te  w ill be added on the  
com plications o f  sero therapy.
C y a n o s is .
Cyanosis, th e  commonest com plication to be observed i s  no 
lo n g er looked upon as a se rio u s  to x ic  m an ifesta tio n  o f  th e  sulphonamide 
drugs. S p ec ific  therapy was n o t d iscontinued in  th e  presence o f  
th i s  com plication, nor was i t  reduced in  dosage u n le ss  th i s  
procedure was j u s t i f i e d  by th e  favourable p rog ress  o f th e  in fe c t io n .
These cases where cyanosis was p resen t in  conjunction w ith  broncho­
pneumonia have n o t been included  in  the recorded observations.
Rash.
Drug rashes observed were m orbilliform  in  ch a rac te r w ith the 
exception o f two in s tan ce s  o f  genera lised  erythema recorded in  the  
su lp h a th iazo le  s e r ie s . I t  was considered advisable to stop the 
drug in  a l l  cases o f m orbilliform  erup tions, but in  one case where 
th e  rash  appeared ea rly  on the  second day o f treatm ent, a reduced 
dosage was m aintained w ithout any i l l  e f fe c ts .
Fever.
S im ila r p recau tio n s  were taken in  re sp ec t o f drug fev er.
I t  i s  no t always easy to  d is tin g u ish  between fever produced by th e  
drug and fev er produced by th e  in fe c tio n . The same d i f f ic u l ty  was 
encountered where th e  ad m in istra tio n  o f  meningococcus a n tito x in  
was follow ed by serum sickness. Consequently only those cases 
have been tab u la ted  where th e  n a tu re  o f  th e  condition was beyond 
a l l  reasonable doubt. A sharp e lev a tio n  o f  tem perature occurring  
a f t e r  th e  f i f t h  day o f trea tm en t when a l l  c l in ic a l  signs o f  th e  
d isea se  had disappeared, and when the p o s s ib i l i ty  o f  a recrudescence 
o f  th e  in fe c tio n  had been elim inated  by lumbar puncture, was taken 
as evidence o f  drug fe v e r. The f a l l  o f  tem perature consequent 
upon d isco n tin u in g  drug therapy i s ,  o f  course, d iag n o stic .
A cidosis.
The r is k  o f  a dangerous ac id o sis  developing in  p a t ie n ts  
t r e a te d  w ith th e  sulphonamide drugs i s  s l ig h t .  The m ajo rity  o f  
re p o r ts  upon th e  occurrence o f th is  com plication have been based 
presumably on th e  f in d in g  o f  acetone bodies in  th e  u r in e . K etosis ,
th e  term app lied  when abnormal q u a n titie s  o f a c e to -a c e tic  ac id , o r 
o f  /3-hydrosybutyric ac id , o r  o f  th e i r  s a l t s ,  o r  o f  acetone, a re  /
a re  p re se n t in  the  body f lu id s  o r u r in e , i s  no t n e c e ssa r ily  
a sso c ia ted  w ith an a c id o s is , and can be prevented by supplying 
a su ffic ien cy  o f carbohydrates* H arrison m aintains th a t  in  non­
d ia b e tic  k e to s is  th e re  i s  seldom any need to worry a t  a l l  about 
the  fin d in g  o f acetone bodies in  th e  urine* In  th ese  non­
d ia b e tic  conditions th e re  i s  o ften  no ac id o s is  a t  a l l ,  or where 
th e re  i s  a c id o s is , i t  i s  compensated*
In  th e  p re sen t in v e s tig a tio n  th e re  was no concrete evidence 
to  show th a t  k e to s is ,  o r  to be more p re c ise  ke to n u ria , was due to 
th e  ad m in istra tio n  o f  th e  sulphonamide drugs and in  no case were 
th e  symptoms o f ac id o s is  encountered. In  th e  la rg e  m ajo rity  o f 
cases th e  presence o f acetone bodies in  th e  u rin e  was asso c ia ted  
w ith excessive vomiting o r  unconscious and semi-comatose s ta te s .  
The u r in e  c leared  rap id ly  follow ing the  adm in istra tion  o f 
carbohydrate. Where vom iting was p e r s is te n t  and k e to n u ria  
continued, th e  p a t ie n t  was given a lk a li  in  o rder to p reven t the  
p o s s ib i l i ty  of a lowered b icarbonate content o f  the  blood and th e  
development o f  a c id o s is .
Renal Com plications.
Renal com plications were few and were confined to album inuria 
and haem aturia. No sulphonamide c ry s ta ls  were demonstrated in  
specimens o f u r in e .
S ickness and Vomiting.
I t  i s  d i f f i c u l t  during  the  i n i t i a l  s tages o f cerebrosp inal 
fe v e r  to d i f f e r e n t ia te  between the  sickness and vom iting due to 
th e  in fe c tio n  and th a t  due to  the  drug. For th is  reason a 
s t a t i s t i c a l  comparison o f  the  sulphonamide drugs on th ese  grounds
grounds must n e c e ssa rily  have l i t t l e  s ig n ifican ce , A c l in ic a l  
im pression o f the t o t a l  cases tre a te d , however, leav es  no doubt 
in  th e  mind o f th e  observer th a t  sickness and vomiting i s  a 
to x ic  m an ifesta tion  common to sulphapyridine, but seldom 
c o n s ti tu te s  a problem in  p a tie n ts  tre a te d  w ith su lphan il aiaide 
and su lp h a th iazo le . S ickness and p e r s is te n t  vomiting in creased  
markedly and a s tr ik in g  c o n tra s t was observed in  the  general 
w elfare o f the  p a t ie n ts  when sulphanilam ide and su lphath iazo le  
were rep laced  by su lphapyrid ine as the  so le  means o f  therapy in  
S e rie s  C.
D ehydration.
Dehydration was noted  as a common accompaniment of th e  
acu te  s tag e  o f th e  d isea se . I t  i s  n e c e ssa r ily  more se rio u s  
in  th e  presence o f p e r s is te n t  vomiting. Notably in  th e  treatm ent 
o f in fa n ts  esp ec ia l care  had to be taken to make up th e  lo s s  
o f  f lu id  which fo r  reasons already s ta te d , was g re a te s t  in  
su lphapyrid ine tre a te d  cases. I t  i s  adv isab le  to fu rn ish  
in c reased  q u a n titie s  o f  f lu id s  to p a t ie n ts  tre a te d  w ith 
su lp h an il amide and su lphath iazo le ; i t  i s  e s se n tia l  to adm in ister 
f lu id s  freq u en tly  and re g u la rly  by a l l  a v a ilab le  ro u te s  to 
p a t ie n ts ,  e sp ec ia lly  in fa n ts ,  tre a te d  w ith su lphapyridine. 
Reference has already  been made (Chapter I )  to the alow 
u r in a ry  excre tion  o f su lphapyrid ine compared w ith su lp h an il amide 
and su lp h a th iazo le .
SULP HANILMIDE.
117 p a tien ts  received  sulphanil amide. This number in clu d es  
fo r ty  p a t ien ts  (group IV) who received  in  addition meningococcus 
a n tito x in .
Cyanosi s ,
Forty-tw o, o r 35*89 P©r  cent developed cyanosis (Table I ) ,  
Of th e  forty-tw o cases, tw enty-nine showed the com plication on 
th e  th i r d  o r fo u rth  day a f te r  the  in s t i tu t io n  o f  therapy. 
T h irty -one , o r  73-8 p e r  cent were over f iv e  years o f age.
Table I .
Incidence and Time o f Occurrence o f 
Cyanosis in  Sulphanilam ide-Treated 
P a tie n ts .
Days o f Treatm ent, j 1 ( 2 Total
Group I  
« I I I
n I V
Total
Cyanosis ra p id ly  disappeared follow ing reduction  in  dosage o r 
stoppage o f  th e  drug.
Rash.
Three, o r  2.54 p e r  cen t developed a m orbilliform  rash . In  one 
in s ta n c e  th e  ra sh  appeared e a rly  on the second day a f te r  the  
i n s t i tu t io n  o f  therapy in  a p a t ie n t  aged tw enty-nine y ears . The 
rem aining two p a t ie n ts ,  aged s ix  years and th i r ty - th r e e  y ears  
re sp e c tiv e ly , m anifested  t h i s  com plication on the  n in th  day o f 
trea tm en t. In  th e  f i r s t  case where th e  rash  appeared e a rly  the 
drug was reduced in  dosage; in  the  o th e r  cases i t  was d iscontinued .
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Wo i l l  e f fe c ts  were observed and w ithin fo r ty -e ig h t hours the  
ra sh  had completely disappeared in  a l l  th re e  p a t ie n ts .  In  one 
p a t ie n t  th e  rash  was accompanied by drug fever.
Fever.
Nine, o r 8.54 p e r cen t o f  th e  cases tre a te d  w ith su lphanil amide 
developed drug fev er (Table I I ) .  This complication occurred in  
seven ou t o f  n ine p a t ie n ts  between the  f i f t h  and n in th  day o f 
trea tm en t. The rem aining two d id  n o t show drug fev e r u n t i l  the  
tw e lf th  day, (two days a f t e r  the  cessation  o f therapy), and the 
seventeenth  day, (during  therapy) re sp e c tiv e ly . In  only one 
In s ta n c e , in  a male p a t ie n t  aged two y ea rs , was drug fev er recorded 
under th e  age o f f iv e  y e a rs . None o f th ese  p a tie n ts  was unduly 
u p se t and when i t  was a sce rta in ed  th a t  the  cerebrospinal f lu id  was 
c le a r  th e  drug was d iscon tinued . This was followed by a rap id  f a l l  
in  the  tem perature which re tu rned  to  normal in  a l l  cases w ithin 
fo r ty -e ig h t  hours.
Table I I .
Incidence and Time o f Occurrence o f 
Drug Fever in  Sulphanil amide-Treated 
P a tie n ts .
Days o f  Treatment. 5 '6 7 ‘ 8‘ 12] 17 Total
Group I - - 3 - - - 3
" I I I i l A - 3
* IV - - l l -1l 3
Total 1 l 4 l l i 9
Renal Com plications.
There was one case o f  haem aturia follow ing su lphan il amide, occurr­
in g  in  a woman aged th i r ty - th r e e  years, on th e  n in th  and l a s t  day o f
trea tm en t. The p a t ie n t  had a prolapsed u te ru s . The condition  la s te d  
fo r  two days , during which time repeated  examination o f  c a th e te r
/
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c a th e te r  specimens o f the u rin e  f a i le d  to d e te c t th e  presence 
e i th e r  o f c a s ts  o r su lphanil amide c ry s ta ls .
SULPHATHIAZOLE.
T h irty -n ine  p a t ie n ts  received  su lphath iazo le .
Cyanosis.
No cases o f drug cyanosis were observed.
Rash.
Three, o r  7*^9 p e r  cent o f th e  cases developed drug rashes.
A m orbilliform  ra sh  invo lv ing  the  trunk and lim bs was noted in  a 
g i r l  o f f iv e  y ears  occurring  on the  ten th  day o f  trea tm en t. Two 
p a t ie n ts ,  both over f iv e  y ears  o f age, developed a generalised  
pink  erythema on th e  second day o f  therapy. While in  the  f i r s t  
case th e  drug was d iscontinued , no i l l  e f fe c ts  followed ro u tin e  
ad m in is tra tio n  o f su lp h a th iazo le  in  the two remaining cases. All 
th re e  rashes were o f  sh o rt d u ra tion .
Fever.
There was one case o f  drug fever in  the th ir ty -n in e  p a tien ts  
trea ted , representing an in cid en ce o f  2 .57  per cent. The 
com plication occurred in  a female p a tien t aged fo r ty -e ig h t years  
on the n in th  day o f  treatm ent. The drug was discontinued and the  
temperature returned to normal w ithin twenty-four hours.
No o th e r  to x ic  m an ife sta tio n s  were observed in  th e  sulphathiazole 
t r e a te d  p a t ie n ts .
SULPEAPIKEDim
100 p a t ie n ts  received  sulphapyridine.
C yanosis.
Twelve p er cen t developed drug cyanosis (Table I I I ) .  In 
tw o -th ird s  o f the  cases th e  com plication occurred on th e  th ird  
o r  fo u rth  day o f trea tm en t. Two-thirds o f  th e  p a t ie n ts  were over 
f iv e  years  o f  age. The appearance o f the  condition was s im ila r  
to  th a t  seen in  the  su lphan il am ide-treated  p a t ie n ts  and the  
e f f e c t  upon the  p a t ie n t  was lik ew ise  neg lig ib le*
Table I I I .
Incidence and Time o f Occurrence o f 
Drug Cyanosis in  Sulphapyridine- 
T reated P a tie n ts .
Days o f  TreatmentYj 2 13 4 5 Totalj
Group V
T
2
— 1
12
Rash.
Fourteen p e r cen t o f  the  cases developed drug rashes (Table IV).
■ A ll were m orb illifo rm  in  ch arac te r and, as was noted e sp ec ia lly  
w ith su lphapyrid ine, showed a s tr ik in g  resemblance to  m e a s le s .,
Four o f  th e se  p a t ie n ts  complained o f headache, and a l l  cases showed 
some degree o f  co n ju n c tiv a l in je c tio n . The absence o f coryza and 
K oplik»s spo ts and the  p resence o f  the  raah on the  palms o f the  
hands served to d i f f e r e n t ia te  th e  condition from m o rb il l i .  All 
rash es  occurred between th e  s ix th  and n in th  day o f  therapy and in  
n in e  cases were accompanied by drug fev e r. S ix  ou t o f  th e  fourteen  
p a t ie n ts ,  o r  42.85 p e r  cen t were over f iv e  years o f  age. In  /
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In  a l l  cases the rash  disappeared w ithin fo r ty -e ig h t hours follow ing 
th e  stoppage o f th e  drug.
Table IV.
Incidence and Time o f Occurrence of 
Drug Rash in  Sulphapyri din e-T reat ed 
P a tie n ts .
)ays o f Treatment. 
Group V
6 7 81I* T o tal.
2 p
i
4 6 14
i
Fever.
Ten p e r cent o f  th e  cases developed drug fev er. The condition  
occurred in  a l l  cases between the s ix th  and n in th  day o f trea tm en t. 
F if ty  p e r cen t o f these  p a t ie n ts  were over f iv e  years o f age.
Lumbar puncture was performed in  a l l  cases a t  the  onset o f  pyrex ia  
to  exclude th e  p o s s ib i l i ty  o f a recrudescence o f th e  in fe c tio n ; 
thereupon th e  drug was d iscontinued , to be followed by a rpp id  
re tu rn  o f  th e  tem perature to  normal.
Renal Com plications.
A boy aged f iv e  y ea rs , discharged well one month p rev io u sly , was 
readm itted  to  h o sp ita l w ith a re lap se . He was tre a te d  in  th e  f i r s t  
in s ta n c e  w ith  su lphan il amide and no to x ic  m an ifesta tio n s  re su lte d .
On readm ission su lphapyrid ine was exh ib ited . Two days l a t e r  he 
developed album inuria and haem aturia. No c ry s ta ls  o f su lphapyrid ine
were found in  the  u r in e . Sulphanilam ide was su b s titu te d  and th e
u r in e  c leared  w ith in  two days.
Sickness and Vomiting.
Nausea, s ickness, and vom iting were noted to be o f  more common
occurrence in  sulphapyri d in e - tre a te d  p a t ie n ts  as compared w ith these  
p a t ie n ts  who received  sulphanilam ide and su lp h a th iazo le . These /
These observations are based on a purely  c l in ic a l  im pression, 
s ince i t  was d i f f i c u l t  in  many cases to  d if f e r e n t ia te  sickness 
and vom iting due to  th e  in fe c tio n  and th a t  dae to the drug. For 
th i s  reason the  incidence o f s ickness and vomiting could not be 
tab u la ted  with the  same r e l i a b i l i t y  as drug rashes, fev ers , e tc . 
Reference has already been made to the dangers asso c ia ted  with 
p e r s is te n t  vom iting and dehydration, esp ec ia lly  in  in fa n ts . One 
f e e ls  th e re fo re  th a t  in  ch ild ren  sulphanilam ide o r su lphath iazo le  
which are  more re a d ily  to le ra b le  than sulphapyridine and cause 
l e s s  vomiting, could be given w ith g rea te r  advantage both to the 
p a t ie n t  and to the  course o f th e  d isease .
Comment.
I t  w ill be seen from Tables V, VI, and VII th a t  cyanosis was 
more common w ith  sulphanilam ide than with su lphapyridine, w hile i t  
d id  no t occur w ith  su lp h a th iazo le . Drug rashes were seen more 
freq u en tly  in  th e  sulphapyridine tre a te d  p a t ie n ts .  There was l i t t l e  
d iffe re n c e  between sulphanilam ide and sulphapyridine w ith regard  to  
th e  incidence o f  drug fever.
Table V.
Sulphanilam ide. Incidence.^ . Day o f Onset. Percentage over 5 years.
Cyanosis 35-8 3 - 4 73-8
Rash 2.54
111CTsiCVJ 100———— — u ■ 
Fever 8 .5 4 5 - 9 88.8
Table VI.
| Buiphathiazole. Incidence %. Day o f  Onset. Percentage over 5 yesr4
| Cyanosis N il — 1 ........'14 .
> Rash 7.69 2 - 1 0 .......... 100.......... ;
1 Fever 2.57 9 100 j
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Table VII.
Sulp hapy r i  din e. J Incidence %•  j  Day o f  Onset.] Percentage over 5 years
Cyanosis J 12 1 3 - 4
f ...............................  ........ ................ ..........
66.6
Rash | 14 6 - 9 42.85
Fever j 10 j 8 -  9 1 50.0
With regard  to the  tiiae o f  onset o f th ese  to x ic  m an ifesta tio n s, 
i t  w ill be noted th a t  cyanosis most commonly occurred between the 
th i rd  and fo u rth  day o f  trea tm en t. Drug rashes were seen ea rly  on 
th e  second day o f trea tm en t, but l ik e  drug fev er, they were more 
u su a lly  o f l a t e r  occurrence on o r about th e  n in th  day.
Drug cyanosis, rash es , and fev ers , were seldom met w ith 
in  in fancy . They were more p rev a len t over the  age o f f iv e  y ea rs  
when sulphanilam ide and su lphath iazo le  were used. With su lphapyrid ine 
therapy th ese  com plications tended to show themselves more freq u en tly  
in  th e  age group 2 - 5  years  compared w ith th e  o th e r chem otherapeutic 
agents.
Renal com plications were ra re  and were confined to 
sulphanilam ide and sulphapyri din e tre a te d  p a t ie n ts .
S ickness and p e r s is te n t  vomiting c o n s titu te d  a problem w ith 
regard  to su lphapyrid ine only .
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The Development o f  Acute Haem olytic Anaemia 
during th e  A dm inistration o f Sulphapyridine.
Long e t  a l .  (1940), have analysed the  incidence and type o f 
to x ic  re a c tio n s  occurring  in  h o sp ita lis e d  a d u lts , 1000 o f whom were 
t r e a te d  w ith sulphanilam ide, 297 w ith su lphapyridine, and 291 w ith 
su lp h a th iazo le . Acute haem olytic anaemias occurred in  1 .8  p er cent 
o f  ad u lt p a t ie n ts  who received  sulphanilam ide, and in  0.6  p e r cent 
o f  those who received  su lphapyrid ine. I t  had no t been reported  in  
th e  course o f  su lph a th iazo le  therapy. Recently, Quick and Lord 
(1941) have described  a case o f  acute haemolytic anaemia occurring  
in  a youth o f  n ineteen  y ears  follow ing th e  adm in istra tion  o f 
sulpha th ia z o l e.
The fo llow ing case occurred in  the  sulphapyri d in e - tre a te d  
p a t ie n ts .  An in fa n t  aged s ix  months was adm itted to h o sp ita l on 
May 25th , 1941, and found to be su ffe rin g  from cerebrosp inal fev e r. 
Sulphapyridine therapy was in s t i tu te d  immediately. The ch ild  on
admission to  h o sp ita l was well nourished and o f good colour. On th e  
morning o f  May 27th  when a t o t a l  o f  6.5  grammes sulphapyridine had 
been adm inistered , a change in  the appearance o f th e  p a t ie n t  was 
noted. There had developed overn igh t an in te n se  p a l lo r  invo lv ing  
th e  face , conjunct! vae, and mucous membranes. There was no jaund ice , 
The spleen was p a lpab le  below th e  co s ta l margin. A 48-hour lumbar
puncture revealed  an o p a lescen t f lu id  con tain ing  numerous meningococci. 
The drug was d iscontinued  and a complete blood examination was c a rrie d
o u t w ith th e  fo llow ing r e s u l t :
27.5*41. Red ELood Corpuscles 3>4*X),000 
White Blood Corpuscles 18,000
Haemoglobin 80%.
Colour Index 1 .16
Normoblasts 13* 6%.
Megalo b la s ts  16.0%.
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D if fe re n tia l  White C ell Count*
Polymo rp honu c l ea r  s 4L.6£
•Band* C ells 3-3*
Myelocytes 0 .36
Large Lymphocytes 5-0%
Small Lymphocytes 33-3*
Monocytes 3.3*
There was marked a n iso c y to s is  o f the  red c e l ls .  Blood p la te le t s  
appeared normal.
On the morning o f  May 28th th e  blood p ic tu re  remained unchanged 
and th e  cerebrosp inal f lu id  s t i l l  contained meningococci.
100 c. c. blood was in troduced  through the fo n ta n e lle  in to  the 
lo n g itu d in a l sinus and i t  was thought advisable in  view o f th e  
cerebrosp inal f lu id  f in d in g s  to resume treatm ent. Accordingly, 
on May 29th  su lphapyrid ine was again given in  4-hourly doses o f 
0*5 gramme. Therapy was continued u n t i l  June 2nd, 1941, and a 
c a re fu l d a ily  watch k ep t on th e  blood p ic tu re , which gradually  
improved. There was a simultaneous improvement in  th e  c l in ic a l  
p ic tu re .  The tem perature re tu rn ed  to normal and the  cerebrosp inal 
f lu id  became s t e r i l e  on th e  e igh th  day a f te r  admission to  h o sp ita l. 
Recovery was u n even tfu l.
A record  o f  th e  blood examinations i s  shown in  Table V III. The 
ra p id  improvement in  th e  blood p ic tu re  follow ing blood tran sfu sio n  
w ill  be noted . Normoblasts and m egaloblasts d isappeared from th e  blood 
th re e  days a f te r  blood tra n sfu s io n . The re tic u lo c y te  count re tu rned
to  no ratal w ithin ten  days.
The Hood p ic tu re  i s  i l l u s t r a t e d  in  photomicrographs o f  blood 
f ilm s  (PlateV IJ taken during the  f i r s t  few days o f  the p a t ie n t ’ s 
i l l n e s s .  In  J ig s .  I  and I I  norm oblasts are  seen. In  P ig. I l l  
megalo b la s ts  are  shown in  the  f ie ld .  P ig. IV i s  included  to  show a 
norm oblast and a myelocyte. The lobed nucleus o f  th e  norm oblast i s  
w ell demonstrated in  P igs. I  and TV.
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Comment.
In  the  absence o f an examination o f the patien t*  s blood 
on admission to  h o sp ita l one cannot prove conclusively  th a t  the 
drug was responsib le  fo r  the  development o f anaemia. The 
sudden onset on th e  second day o f drug therapy to g e th e r w ith 
th e  c l in ic a l  p ic tu re  and blood p ic tu re  are , however, in  
accord with p rev io u sly  published  d esc rip tio n s  o f acute 
haem olytic anaemia during th e  adm in istra tion  o f  sulphonamide 
drugs, and make i t  reasonable to assume th a t  su lphapyridine was 
th e  causal fa c to r .
Haemolytic anaemia i s  one o f th e  few major com plications 
o f  chemotherapy which occurs ea rly  in  the d isease , when i t  i s  
obviously  in ad v isab le  to  stop trea tm en t. Experience o f th is  
case and th a t  o f  o th e r  w r ite rs  suggests th a t  no harm r e s u l ts  to  
the, p a t ie n t  i f  the  drug i s  continued follow ing blood tran sfu sio n  
and a ca re fu l watch k ep t on the  blood p ic tu re . The m en ing itis  
and n o t th e  haeanopoietie system must be the  prim ary considera tion  
in  th e  fu r th e r  reg u la tio n  o f th e  drug.
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C erebral Symptoms occurring  during 
Sulphapyridine Therapy in  Cerebro­
sp in a l Fever.
Johnstone and Forgacs (1941) have reported  f iv e  cases, two 
o f  which were f a t a l ,  o f  cerebrosp inal fever showing p e r s is te n t  
ce reb ra l symptoms. They suggest th a t  these symptoms were due to  
th e  to x ic  e f fe c t  of su lphapyrid ine. The case to  be described 
would seem to su b s ta n tia te  th e i r  view. I t  w ill a lso  serve to 
show the  r is k s  a tten d an t upon continuing therapy in  th e  face 
o f  ominous to x ic  m an ife sta tio n s.
A fem ale, M.T., aged seventeen years, (group V), was adm itted 
to  h o sp ita l on A pril 21st, 1941, in  her th ird  day o f i l ln e s s .
On admission th e  p a t ie n t  was d e lirious^  tem perature 100.4 °F ., 
p u lse  r a te  96, re sp ira tio n  r a te  24. There was marked nuchal 
r ig id i ty ,  l a b ia l  herpes, and a p o s itiv e  Kernig* s sign. No rash  
was seen nor d id  i t  develop. Lumbar puncture revealed  a tu rb id  
f lu id  heav ily  in fe c te d  w ith meningococci. Blood cu ltu re  proved 
s t e r i l e .  The p a t ie n t  was ab le  to  swallow and sulphapyridine was 
given in  a  dosage o f  2.0 grammes 4-bourly by mouth. This dosage 
was m aintained u n t i l  a p e rio d  o f  fo r ty -e ig h t hours had elapsed, 
when a second lumbar puncture showed the cerebrosp inal f lu id  to  
be o palescen t. A few meningococci were seen on the d ire c t  film ,
w hile c u ltu re  on blood agar produced a scanty growth. The drug 
was reduced to  1 .5  grammes 4-hourly . Meanwhile th e  delirium  had 
in c reased . The p a t ie n t  became extremely r e s t l e s s  and veiy no isy , 
and seda tiv es  in  the fo ra  o f  syrup o f ch lo ra l had to  be adm inistered
freq u en tly . P yrex ia  continued between 99° ~ 100°F . , and the  p u lse  
r a t e  showed a gradual in c re a se  from 90 -  120 p e r minute. On th e  /
th e  morning o f  May 25th , n in e ty -s ix  hours from th e  p a t ie n t1 s 
admission to  h o s p ita l, the  tem perature s e tt le d  and the pu lse  
r a te  decreased. Lumbar puncture revealed a f a in t ly  opalescent 
f lu id  in  which no organisms were found e ith e r  on d ire c t  film  o r  
on cu ltu re . With the  exception o f  a p o s itiv e  Kernig’ s sign, a l l  
ph y sica l signs had now disappeared, but the  p a t ie n t  was m entally  
confused, d e l ir io u s ,  and very no isy . I t  was decided th e re fo re  in  
view o f the  in c reased  sev e rity  o f  the  mental symptoms and the 
appearance o f  th e  most recen t sample o f cerebrosp inal f lu id ,  to  
m aintain su lphapyrid ine a t  a dosage o f 1 .5  grammes 4-hourly, in  
s p ite  o f the  f a c t  th a t  the tem perature and pu lse  r a te  had 
s e t t le d .  The p a t ie n t  up to  th is  time was able to  swallow and 
f lu id s  were adm inistered  ad. l i b .  Meningeal i r r i t a t i o n  and not 
drug to x ic i ty  was thought to be responsib le  fo r  the  patien t*  s 
m ental condition .
In  th e  evening o f the  follow ing day (May 26th) lumbar 
puncture revealed  a c le a r  and s t e r i l e  f lu id . The drug was 
th e re fo re  d iscon tinued . The p a tie n t  had received  a to ta l  o f  
55*5 grammes o f  su lphapyrid ine over a period  o f  f iv e  and a h a lf  
days. Mental confusion and delirium  continued unabated. By the  
morning o f May 27th  th e  p a t ie n t ’ s condition had d e te r io ra te d .
She was no t d rin k in g  well and one p in t  o f g lu co se -sa lin e  was 
adm inistered in trav en o u sly  w ith  b e n e fic ia l e f f e c t .  Examination 
o f  th e  blood revealed  th e  fo llo w in g :- red  blood corpuscles 4,500,000, 
w hite blood corpuscles 20,000, haemoglobin 60 p e r cen t. Blood 
f ilm s showed no abnorm ality. There was no evidence o f 
ag ran u lo cy to sis . In travenous g lu co se -sa lin es  were continued a t  
6- hourly  in te rv a ls .
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Due to unforeseen circum stances I  was c a lled  away from 
h o sp ita l and the  p a t ie n t  tem porarily  passed out o f  my care.
The c l in ic a l  n o tes  are  as follow s: - During the  afternoon o f  
May 27th the  tem perature which had been normal, rose  to 102°F.
(see  C hart). This sudden pyrex ia  was taken to  be a recrudescence 
o f  the in fe c tio n  and su lphapyridine was recommenced w ith an 
i n i t i a l  dose o f  2.0 grammes, followed by 1 .0  gramme 4-hourly .
The follow ing day a widespread m orbilliform  rash  involv ing  th e  
face , trunk, and lim bs made i t s  appearance, and the tem perature 
ro se  to  105°F. The p a t ie n t  was seen by me the same evening.
She was in  a co llapsed  condition . In travenous g lu co se -sa lin es  
were given and s tim u lan ts  adm inistered. Death took p lace  a 
few hours l a t e r .  C erebral symptoms were p resen t up to th e  end. .
Autopsy:-
Rftspi-ratnrv System: Some basal congestion p resen t in  both
lu n g s. Trachea and bronchi normal.
C ardiovascular System: Heart o f average s iz e . No
p a th o lo g ica l changes found in  the  valves o r  v a lv u la r  cusps.
Cardiac muscle p a le  but n o t hypertrophied.
L iv er: Enlarged and p a le .
Spleen: Ehlarged, s o f t  and f r ia b le .  A small in f a r c t
p re se n t on a n te r io r  su rface .
Suprarenal glands: Normal.
Brain: The appearance was th a t  o f  a re so lv in g  m en ing itis .
The surface  o f  th e  b ra in  was congested but ap a rt from a few
sc a tte re d  f la k e s  o f  mucoid m a te ria l in  th e  s u lc i ,  was d e a r .  There 
was no evidence anywhere o f p u ru len t exudate.
Other Organs: No s ig n if ic a n t  p a th o lo g ica l changes seen.
Comment.
When one considers the  appearance o f the  cerebrospinal 
f lu id ,  th e  b es t in d ic a tio n  o f response to treatm en t, i t  i s  
d i f f i c u l t  to  a sc rib e  th e  p e rs is te n c e  o f ce reb ra l symptoms in  
th i s  case to  an in fe c t iv e  o r ig in . I r r i t a b i l i t y ,  r e s tle s sn e s s , 
and delirium  continued to  be a prorainent fe a tu re  a f te r  
re so lu tio n  o f th e  m en ing itis  had been e ffec ted , a f a c t  confirmed 
a t  the  p o s t mortem examination. That th ese  symptoms were 
due to  the  to x ic  e f fe c t  o f sulphapyridine i s  th e re fo re  a 
reasonable assumption.
One cannot say what i s  the  incidence o f ce reb ra l symptoms
as a com plication o f  sulphapyridine therapy, but i t  would appear
th a t  th e  condition  i s  ra re . With regard  to  the  d iagnosis, i t
i s  obviously im pera tive to  perform lumbar puncture in  a l l  cases
where ce reb ra l symptoms p e r s i s t  a f te r  the f i r s t  few days o f
trea tm en t. I f  the  f lu id  i s  d e a r  th e  drug should be stopped
im m ediately, Although th i s  procedure was a c tu a lly  ca rried
o u t in  th e  case quoted, th e  cereb ra l symptoms being ascribed
to  m en ing itis  and no t to drug to x ic i ty ,  th e  p a t ie n t  received
a r e la t iv e ly  la rg e r  amount o f sulphapyridine over a  given p erio d
than d id  th e  average case. The subsequent development o f  drug
ra sh  and drug fev er fo r ty -e ig h t hours a f te r  trea tm en t had been
stopped p o in ted  to  a dangerous accumulation o f  th e  drug in  the
t is s u e s .  I t  i s  u n fo rtu n a te  th a t  in  these  circum stances
sulphapyrid ine was recommenced. There i s  no doubt th a t  such a
procedure aggravated the  symptoms and might w ell have weighed 
th e  balance ag a in s t recoveiy .
B. Serotherapy.
Forty  p a t ie n ts  (group IV) received meningococcus an tito x in  
in  add ition  to sulphanilam ide. Of these , f i f te e n  o r 37*5 p e r 
cent developed serum sickness between the  s ix th  and th ir te e n th  
day o f trea tm en t. The presence of th is  com plication no t only 
caused considerab le  c o n s titu tio n a l upset in  recovering p a t ie n ts ,  
bu t i t  a lso  served in  some in stan ces  to confuse the c l in ic a l  
p ic tu re . A ll su ffered  in  varying degrees from headache, s ickness, 
and jo in t  p a in s , added to  which was the discom fort asso c ia ted  
w ith an u r t i c a r i a l  rash . The symptoms la s te d  from two to 
f iv e  days. I t  was necessary  esp ec ia lly  where the  fever 
preceded the  rash , to  submit some o f  th ese  p a t ie n ts  to  an 
a d d itio n a l lumbar puncture in  o rder to ensure th a t  the condition  
was due to  a serum rea c tio n  and no t to  a recrudescence o f  th e i r  
o r ig in a l  in fe c tio n . Under such circum stances i t  i s  doubtfu l 
i f  th e  ad m in istra tio n  o f an tito x in  i s  j u s t i f i a b le  in  the 
trea tm en t o f  ce reb rosp ina l fev er u n less  i t  can be shown th a t  
i t s  employment confers upon the p a t ie n t  a th e rap eu tic  e f f e c t  
s u f f ic ie n t  to outweigh i t s  obvious d isadvantages,
Summary.
The to x ic  e f f e c ts  o f  th e  sulphanilam ide drugs met w ith In  
th e  treatm ent o f  256 cases o f  cerebrosp inal fev er a re  recorded.
Cyanosis as a com plication o f therapy i s  a n e g lig ib le
f a c to r  and need n o t occasion the  stoppage o f  th e  drug.
Where drug rash es  o r  drug fev e rs  occur, th e  drug should be 
stopped im m ediately. Where th i s  procedure i s  in ad v isab le , a /
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a c a re fu l watch must be kep t upon the  p a t ie n t ,  f lu id s  should 
be forced  and blood examinations made a t  frequent in te rv a ls .  
F o rtu n a te ly  in  th e  m ajo rity  o f cases these  com plications occur 
towards the  end o f th e  period  o f treatm ent.
Renal com plications were few and were confined to 
sulphanilam ide and su lphapyridine.
A case o f acute haem olytic anaemia occurring  during the 
second day o f su lphapyrid ine therapy has been described. No 
i l l  e f fe c ts  followed the  continued use o f th e  drug a f te r  a 
blood tran sfu sio n  had been c a rried  out.
A f a t a l  case o f  drug poisoning i s  described in  which th e re  
occurred  p e r s is te n t  ce reb ra l symptoms, drug fev er, and drug rash .
Although th e  numbers are  adm ittedly too few to draw 
conclusions, i t  would however appear th a t  su lphath iazo le  i s  th e  
l e a s t  to x ic  o f th e  th re e  chemotherapeutic agents employed in  
t h i s  study.
Sulphanilam ide and su lphath iazo le  a re  more to le ra b le  than 
su lphapyrid ine and, in  in fa n ts  e sp e c ia lly , a re  b e t te r  su ite d  to  
th e  treatm ent o f  cereb rosp ina l fever.
The disadvantages a tten d an t upon th e  ad m in istra tio n  o f  
meningococcus a n tito x in  render i t s  use u n ju s t i f ia b le  in  the  
trea tm en t o f  cereb rosp ina l fever.
CHART.
CEREBRAL SIMPTOMS OCCURRING DURING SULPHAPYRIDIN 
THERAPY IN CEREBROSPINAL FEVER.
Case M .T., a e t .  17 y r s .  (Group V).
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PLATE
The Development o f  Acute Haemolytic Anaemia 
during th e  A dm inistration o f  Sulphapyridine*
(P a tie n t  F.O*B. aged 6 months. S e rie s  C, Group V)
Explanation o f P la te  VII.
F ig s . I  and I I  -» Blood film  showing norm oblasts.
Note the lo b in g  o f  the  nucleus 
o f  a noim oblast in  F ig. I .
x  350.
F ig . I I I  -  Blood film  showing a c o lle c tio n
o f megalohLasts in  the  f ie ld .
x 350.
F ig . IV. -  Blood film  showing a norm oblast
w ith  lobed  nucleus and a  
myelocyte in  th e  f ie ld .
x 350*
Fig. I II .
F ig . I .
a----------------------------  — --------------------
PLATE ¥11,
.r
F ig . I I .
-  281 -  
CHAPTER IX.
CONCLUDING REMARKS
In the preceding chapters I have recorded 
observations and results of clinical and chemotherapeutic 
studies in epidemic cerebrospinal fever. The major 
part of the discussion has been directed towards two 
main problems*
(1) Prognosis in cerebrospinal fever under modem 
methods of cliemotherapy.
(2) The relative therapeutic efficiency of 
Sulphanilamide, Sulphathiazole, Sulphanilamide plus 
Meningococcus Antitoxin, and Sulphapyridine in 
cerebrospinal fever.
In the consideration of both problems stress has 
been laid upon the importance of statistical analysis, 
and tests for "significance” in the form of the standard 
error of difference between values, and the test, were 
generally employed.
Factors which were found to have a significant bearing 
upon the outcome of an attack of the disease were as 
follows
(a) Number of days ill prior to admission to hospital.
(b) Age.
(c) Initial Temperature and Respiration Rate.
(d) Presence on admission of Goma.
H
H
n
ft
ft
ft
ft
ft
* Delirium.
* Convulsions. 
” Headache.
ft
« it Rash.Opisthotonus
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The r e s u l t s  o f  t h i s  p a r t  o f the in v e s tig a tio n  have shown th a t
even in  p a t ie n ts  te e a ted  by chemotherapy th e re  are  s t i l l  some
im portan t fa c to rs  to  be considered in  determ ining prognosis o f 
th e  d isease . This i s  one aspect o f  the  d isease  which has been 
neg lec ted  by th e  m ajo rity  o f  p resen t day w rite rs . Dr, Banks 
has touched upon the  su b jec t in  h is  review of cerebrosp inal 
fe v e r  but h is  assumption th a t  age-groups, fo r  in s ta n c e , in  p a t ie n ts  
su ffe r in g  from the in fe c tio n  count fo r  l i t t l e  in  p rognosis, cannot 
be accepted in  th e  l i g h t  o f  the  fin d in g s  in  the p re sen t
in v e s tig a tio n . As f a r  as I  am aware, no previous in v e s tig a tio n s
have been undertaken to  determine prognosis in  cerebrosp inal 
fe v e r along l in e s  s im ila r  to those employed in  th is  study.
I t  has n o t been p o s s ib le  th e re fo re  to compare my own r e s u l ts  
w ith those o f  o th e r w r ite rs . I t  i s  to be re g re tte d  th a t  in  th e  
v a s t m ajo rity  o f pub lished  re p o rts  upon the p resen t epidemic 
o f  cerebrosp inal fev e r, th e  w rite rs  have fa ile d  to u t i l i s e  the  
la rg e  amount o f c l in ic a l  da ta  a t  th e i r  d isposal and have r e l ie d  
la rg e ly  on c l in ic a l  im pressions ra th e r  than on s t a t i s t i c a l  
a n a ly s is  in  a rr iv in g  a t  th e ir , conclusions.
With regard to  the  second problem, i t  was found th a t  
sulphanilam ide and su lp h ath iazo le  were superio r to sulphapyridine 
in  th e  treatm ent o f  cerebrosp inal fev er in  two im portant re sp ec ts ;
(a) Sulphanilam ide and su lphath iazo le  were ab le  to e f fe c t  a 
more rap id  re so lu tio n  o f th e  m en ing itis , thus d imin ish in g  th e  r is k  
o f  those  com plications l ik e ly  to  lead  to permanent sequelae o r 
perhaps to a f a t a l  is s u e .
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(b) Sulphanilam ide and su lphath iazo le , e sp ec ia lly  the 
l a t t e r  drug, were l e s s  to x ic  than sulphapyridine and in  in fa n ts  
p a r t ic u la r ly  were b e t te r  su ited  to the treatm ent o f cerebro­
sp in a l fever.
Meningococcus a n tito x in  as an adjuvant to chemotherapy 
possessed no obvious advantage except perhaps in  the  fu lm inating  
form o f  the  in fe c tio n  asso c ia ted  w ith meningococcal septicaem ia 
and suprarenal haemorrhage.
The r e s u l ts  in  re sp ec t o f th e rap eu tic  e ff ic ie n c y  are  no t 
in  agreement w ith the  views expressed ty  Banks and now generally  
accepted, th a t  su lphapyrid ine i s  the drug o f choice in  cerebro­
sp in a l fev er. His fin d in g s  have been based la rg e ly  on th e  
r e la t iv e ly  small amount o f  sulphapyridine requ ired , compared 
w ith  sulphanilam ide, to e f fe c t  cure, and on i t s  maintenance in  
adequate concen tra tion  in  the cerebrosp inal f lu id .
Sulphapyridine was advocated fcy Banks because in  h is  opinion 
a g re a te r  l a t i t u d e  in  dosage appeared to  be p e rm issib le . But 
i t  has been shown by Beeson and Westeman (1943) i a  a n a ly s is  
o f  3,575 case re p o rts  o f  cerebrosp inal fev e r th a t  hundreds o f  
p a t ie n ts  recovered s a t i s f a c to r i ly  when o n e-h a lf to  tw o -th ird s  th e  
dosage recommended by Banks was administered^ conversely 58.4 
p e r  cent o f  th e  p a t ie n ts  who died received  a dosage equal to  
o r  g re a te r  than th e  schedule o f  Banks. I f  such a considerab le  
v a r ia tio n  i s  p o ss ib le , i t  i s  obviously fa lla c io u s  to  compare 
th e  sulphonamide drugs on the  b a s is  o f  dosage. I t  would appear
a lso  th a t  a drug which i s  m aintained in  higher concen tra tions in  
th e  blood and cerebrosp inal f lu id  i s  n o t n e c e ssa r ily  the most
/
most e ffic ie n t*  In  a re c en t War Memorandum e n t i t le d ,  "The Medical 
Use o f  Sulphonamides", published  by th e  Medical Research Council, 
su lp h a th iazo le  i s  given as f i r s t  choice fo r  cerebrosp inal fever 
although i t  i s  mentioned th a t  th e  concentration o f th a t  drug 
a tta in e d  in  the  cerebrosp inal f lu id  i s  only 1 5 - 4 0  p e r cent o f 
th a t  in  the blood compared w ith the  corresponding f ig u re s  fo r  
su lphapyrid ine and su lphadiazine (50 -  ~!Q p e r cen t) , and 
sulphanilam ide (90 -  100 p e r cen t), I t i s  apparent th a t  the  
dec is ion  as to  what c o n s titu te s  th e  best chemotherapeutic agent 
in  cerebrosp inal fev er cannot r e s t  on optimum dosage.
I t  i s  tru e  th a t  Banks has re c en tly  come to favour 
su lp h a th iazo le ; but here again in  h is  in v e s tig a tio n s , l ik e  
those  undertaken in  connection w ith sulphanilam ide and sulphapyridine, 
Banks has seemingly f a i le d  to  apprecia te  the im portance o f the  
i n i t i a l  p lanning o f h is  c l in ic a l  t r i a l s .  In  a l l  h is  comparative 
s tu d ie s  o f chemotherapy in  cerebrosp inal fev er he has no t shown 
th a t  th e  groups o f  p a t ie n ts  he has compared a re  th e  same in  a l l  
e s s e n tia l  re sp e c ts  except trea tm en t, so th a t  i t  i s  doubtful i f  
we can in f e r  anything whatever about th e  advantage o f the  
sp e c if ic  trea tm en t. Such problems, however they are  approached, 
are  n e c e ssa r ily  s t a t i s t i c a l  and must be d e a lt  w ith by s t a t i s t i c a l  
methods. For th i s  reason g re a t care was taken in  the  i n i t i a l  
planning o f  th e  p re sen t esqperiment and l a t e r  in  th e  c o lle c tio n  o f  
d a ta  from which would be decided th e  c r i t e r i a  to  be used as 
evidence o f th e  e f fe c ts  o f  treatm ent. Each s e r ie s  o f  p a t ie n ts  was
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was tre a te d  contemporaneously; the  method o f  random a llo ca tio n  
o f  p a t ie n ts  to a l te rn a te  drug groups elim inated  the  p o s s ib i l i ty  
o f  " se le c tio n ”; a l l  treatm ent groups were proved comparable 
before the  methods o f therapy, in  which they d if fe re d , were 
compared. In  th e se  im portan t re sp ec ts  th i s  study d i f f e r s  
from a l l  p rev iously  published  re p o rts  on the chemotherapy o f 
cerebrosp inal fev er and in  consequence i t  i s  m aintained th a t  
th e  views expressed, t u i l t  as they are upon a secure foundation, 
a re  l e s s  l ik e ly  to  be open to c r itic ism . I t  i s  suggested th a t  
in  fu tu re  c l in ic a l  research  in  the chemotherapy o f cerebrosp inal 
fev e r more a tte n tio n  be pa id  to th e  c o lle c tio n , p re sen ta tio n , 
and in te rp re ta t io n  o f  data .
APPENDIX,
In the following pages are tabulated the 
clinical, bacteriological, and biochemical data 
concerning the 256 cases which formed the material 
of the Investigation# The observations set forth 
are arranged according to the several treatment groups#
APPENDIX 1 .
Treatment Groups 1 - V.
Name and Age.
Number of Days i l l  on admission to Hospital.
Initial temperature, Pulse rate and Respiration rate. 
Duration in Days of Primary Ryrexia, Therapy, and 
Stay in Hospital.
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T o t a l  219  R e c o v e r e d  P a t i e n t s ,
D u r a t i o n  o f  P r i m a r y  p y r e x i a .
Series.
Number A B 0 Total
of Group Group Group Group Group Recovered
Days 1 11 111 IV V Gas es•
0 1 1 3 5X
1 5 2 1 b 2b 36
2 b 13 13 7 19 56
3 5 10 3 3 6 27
b b 3 6 9 22
5 6 3 7 3 6 25
6 5 1 3 b 9 22
7 b 2 2 2 10
8 1 2 2 5
9 1 1 1 3
10 1 1
11 1 - 1 2
12 1 1 2
l b 1 1
15 1 1
21 1 1
Total
Cases 35 33 3b 35 82 219
X In 5 of the 219 recovered cases temperature was normal 
throughout the course of the illness.
18
19
20
21
22
23
2k
25
26
27
28
29
30
31
32
33
3k
35
36
37
38
39
k o
k b
kS
50
51
53
55
60
61*.
79
82
87
136
Tot"
Gas
T o t a l  219 R e c o v e r e d  P a t i e n t s .
D u r a t io n  o f  S t a y  i n  H o s p i t a l .
Series.__________________________________
Total 
Recovered 
Oases.
A B 0
Group Group Group Group Group
1 11 111 IV V
5
5 5
5
10
2
5
2
3
1
3
1
1
1
1
8
2
1
1
3
1
1
1
2
1
1
1
3
2
7
5
3
1
1
2
1
2
2
1
1
1
1
7
5
3
1
2
2
1
3
1
2
1
1
2
15
15
8
k
7
5
2
2
3
2
2
2
2
2
3
1
1
1
1
1
1
3
28
37
32
21
16
11
7
5
11
3 
5 
2 # 
k  
3 
3 
2 
7 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1
35 33 3k  35 82 219*
APPENDIX 1 1 .
Treatment Groups 1 - V.
Effect of Treatment on Bacterial Activity. 
Estimation of Protein in the Cerebrospinal Fluid 
(Groups 111 - V)
S e r i e s  A.
E f f e c t  o f  Treatm ent o f  B a c t e r i a l  A c t i v i t y .
Group 1 -  S u lp h a n i la m id e .
____________CEREBROSPINAL BLUID__________-
On admission hr s. bO hr s. 9& hr 8.
Name T DF c T DF 0 T DF c T DFC
M. R. + 4 - 4 - mm — - -
A. B • 4 + - 4 - —
C.B. + 4 4 - 4 — • —
E.M. ' + 4 - 4 - „ - - -
A.K. + 4 - - -
A. Me A. 4 4 4- - - - — -
C.W. + 4 4 - -
W. T. 4 4 4 - _ -
A. L. 4 4 4 ± - - - - -
S * M • +1 + - 4 — — - - -
L.F. + 4 4 * - —
J.McG. + 4 4 4 4 -
E. B. 4 4 + -
J.G. + 4 - — -
R.O'B. + - - - - -
B. C* 4 4 4 - -
H.L. + 4 - 4- 4 • - - -
M.H. 4 4* - 4 - - - * -
J.H. 4 4 4 - - -
R.C. + 4 - - - -
G.McC. • + 4 - 4 - - - -
H.B. + 4 4 4 4* 4 - - •
P. F* 4 4 - 4 - - - - -
A.S. 4 4 4 - - -
C.Y. 4 4 4* -> - -
M.M. + 4 - 4 - - - -
M.B. + 4 - 4 - - - -
c . s .  + - - 4 - - - - -
M. G. + 4 4 - -
A. O'?. + 4 - 4 - - - -
M.M. 4 4 4 4h4 ■— - - —
R.C. + 4 - 4 - - —- —
A.T. + 4 — 4* — — —— —
T» S* + 4 4" 4 4 — 4 4 —
J. 3* 4 - - - - -
T + a Cerebrospinal Fluid Turbid.
T + = Cerebrospinal Fluid Opalescent.
T - = Cerebrospinal Fluid Clear.
DF =s Direct Film of Cerebrospinal Fluid.
C = Culture of Cerebrospinal Fluid 
A blank space denotes lumbar puncture not done.
S e r i e s  A
E f f e c t  o f  Treatm ent on B a c t e r i a l  A c t i v i t y .
Group 11 -  S u l p h a t h i a z o l e .
 ______________CEREBROSPINAL FLUID.
On a d m iss ion  ^8 h r s .  60 h r s .  9& h r s .
Name T DF C T DF C T m c T DF c
F. T. + - - + - - — — -
J.W. + + - + — - — — •
A.McL. + + + + — — — — —
M.G. + + - - - -
W. 0. + + + — - —
A. R. + + - - -
M. S. + + + + + - -
E. B* + + - + - -  . - - -
M.C. + +• - ~h - - - - -■
C.D. + + - - -
J .R . + + - + - - - — -
W. D. + + + - -»
D. M. + + - + + — - - -
H.McF. + + .. +• - - - -  • -
E . McG. _+ + - - - -
B* S . ■+• + - - - -
M. G. + + - + - - - - -
W. G. + + + + - - - - -
A. 3. + •f ■f + - - - •
A.McE. + - + -
M • T • + - - - -
I.R. + + - + - - - - -
M.McL. + + - - - -
tT. M. - - «. -
A. M. + + + - - -
H.McQ. + + - + + - - -
J.W.. + + + - - -  -
M.T. + + + ± + - — - —
A.O'H. + - - + - + - - —
E.H. + - - + - - - - ' —
M.M. + + - + - - - — —
M.McL. + «. + ■fr - - - “ -
M* C • + + - + + + + + +
T + st C e re b r o sp in a l  F lu id  Turbid  
T + =5 C e re b r o sp in a l  F lu id  O p a lescen t .
T -  = C ereb ro sp in a l  F lu id  C lear . .
DF = D ir e c t  Film  o f  C ereb ro sp in a l F lu id  
C = C ulture o f  C e re b r o sp in a l  F lu id .
A b la n k  space d e n o te s  lumbar puncture not done.
S e r i e s  B.
E f f e c t  o f  Treatm ent on B a c t e r i a l  A c t i v i t y *
Group 111 -  S u lp h a n ila m id e*
_______________ CEREBROSPINAL FLUID.
On a d m iss io n  U8 h r s .  96> h r s .  14?+ h r s .m wtn n n m nn n -n m wn -n 1 " m "-AxJ  VName rnX DF C P T DF c P T DF C P T DF C P
J.G . 4 4 + 220 4 - 200 — — . — 1 0 0
M.McI* 4 4 + 4 0 0 4 4 - 300 - — — 200
R. G. 4 4 4 3 0 0 4 - - 210 - - 150
E.B. 4 4 - 4 - — - -
J .B . 4 4 4 240 - - - 220 - - - 100
M.K. 4 4 4 4 4 - - - - 220
M.O. 4 4 4 3 0 0 — -
W.M* 4 4 + 4 2 0 4 4 4 80 - - -
J.M. 4 4 4 3 8 0 4 - • 3 0 0 - - 150
J*G* 4 4 4 3 8 0 4 - - 180 - - — ko — - - 30
E•McC• 4 - 4 260 4 - - 80 4 - - 60 — - - 3 0
M.H. 4 4 4 130 4 4 - 90 - - - 90
I .D . 4 4 4 150 4 4 - 50 - - ko
J .K . 4 4 4 250 - - - 190 - - - 80 4 4 4
J .A . 4 4 4 4 4 4 - - -
G.M* 4 4 4 3 0 0 - - - 150
L .R . 4 4 4 260 4 _ — 200 — — - 90
C.H. 4 + 4 3 0 0 - - — 220
c .s* 4 4 4* 190 4 — 4 100 - - - 80
A. G. 4 4 4 360 4 ~ 230 - - - 110
V .L . 4 4 4 150 4 - - 80 - » - 1+0
B.T. 4 4 4 4 - 4 - -
o . c . 4_ + 4 100 4 4 - 60 _ - - 50
M.E* 4 + - 220 4 - 4 220 - - 100
E.D. 4 + 4* 2 0 0 4 — - 100 - - - 90
M.T. + 4 4 220 — — - 90 - - - 60
60R•MeC• 4 4 4 3 8 0 4 4 4 180 - - * 90 - - -
M. P . 4 4 4 3 0 0 4 4 4 5 00 4 - - 280 - - - lUo
W.F. 4 + 4 3 5 0 4 - - 110 - - - 70
M.F. 4 4 + 500 4 - 4 220 - - - 100
D.C. 4 4 - 4 - - - - -
K. G. 4 4 4" 3 0 0 4 4 4 2 5 0 4 4 4 200 - - - 70
H.C. 4 4 4 110 4 4 4 90 4 - - 60 - - -
M.McP. 4 4 4 550 4 *“ mm 1+00 mm "m 170
T + = C ereb ro sp in a l  F lu id  Turbid.
T + = C ereb ro sp in a l  F lu id  O p a lescen t .
T -  = C ereb ro sp in a l  |* lu i4  C lea r .
P = P r o te in  i n  mmg. per  lOOcc.
DF = D ir e c t  F ilm  o f  C ere b r o sp in a l  f l u i d  
C = C ulture o f  CereTarospinal f l u i d .
A b la n k  space d e n o te s  lumbar puncture not done and p r o t e in  
c o n te n t  o f  C.SF not e s t im a te d .
S e r ie s  B.
E f f e c t  o f  Treatment on B a c t e r ia l  A c t i v i t y .
Group IV -  Su lphanilam ide p lu s  M eningococcus
A n t i to x in .
_________________CEREBROSPINAL FLUID._________________
On a d m iss io n  1+8 h r s .  96 h r s .  ' lUh h r s .
Name T DF C P T DF c P T DF c P T DF c P
M. J . 4 + 4 270 4 4* 4 270 4 — - 200 — —
T.K. 4 4 4 290 — - 180
J.M. 4 4 4 300 4 - • 250 — _ -
T.H. 4 4 4 360 4 4 4* 310 4^ 4 4 170 4 4 4
M.C. -h 4 4 100 + — — b o — - —
D.H. 4 4 4 560 4 4 4 boo 4 4 4 00
-=f 4 — —
A. Me I . 4 + 4 120 — — - bo
A.K. + 4 4 260 - — - 150
R-G. + 4 4 300 4 4 + 2b0 - - - 1Z+0
J.W. 4 4 4 380 4 - - 100 - - — 90 — - - 80
J.W. + 4 4 360 4 - 4 140 - - 50
H.McD. + 4 4 300 4 «- 4 130 - - 70
T.N. 4 4 4 380 + 4” 4" 260 4 - 260 - - « 70
S .G . 4 + 4 11+0 4 - * 50 — - - 20
M.McL. 4 - 360 4 - - 10)0 - - - 90
P.McD. 4 4 + 4 4° 4* 4 - -
H.C. + 4 4 1+00 4 + 4" 1+20 - - • 150
H.F. 4 4 4 1+00 4 4" 4 260 4 - - 200 - - - 80
M.M. 4 4 4 4 4" - 130 - - - 100 - - - 70
M.S. 4 4 4 lji+0 4* 4" - - - -
J.D . + + 4 4* - - - - -
E . I . 4 4 +
0CMm 4 4' 4 300 - - - 90
A.M. 4 4 4 4 — - 100 - - - 100
M.V. 4 + 4 2k0 4- + 4 220 - - 180
M.S. 4 4 — 280 - - - 160 - - - 100
M.McK. 4 4 4 600 4 4* 4 1+20 4 - - 210 - - -
c . c . 4 4 4 180 4 — — 110 - - - 70
M.McL. + 4 + 700+ 4 - - 5b0 4 4 4 380 - - - 260
O.M. 4 + - 3 0 0 • - - 180 - - - 160
C.R. + - 4 500 4* 4 4 300 4 - - 210 - - - 110
M.McW. + 4 4 320 4- - - 310 - - - 150
M.M. + + 4 700+ 4 4* + — - -
M.T. 4 4 4 700 4 - - 500 - - - 180
B.C. + 4 4 700 + 4 4 500 ± - - 200 - — - 150
M.G. 4 4 4 300 - - 200 - - - ISO
T + = C e re b r o sp in a l  F lu id  Turbid*
T + = C e re b r o sp in a l  F lu id  O p a le sce n t .
T -  = C e re b r o sp in a l  F lu id  C le a r .
P =r p r o t e in  i n  mmg. per  100 c c .
DF = D ir e c t  f i l m  o f  C e re b r o sp in a l  F lu id  
C = C u ltu re  o f  C e re b r o sp in a l  f l u i d .
A b la n k  space d e n o te s  lumbar puncture not done and p r o t e in  
c o n te n t  o f  C-SF n o t  e s t im a te d .
S e r i e s  G.
E f f e c t  o f  Treatm ent on B a c t e r i a l  A c t i v i t y .
Group V -  S u lp h a p y r id in e .
________:________ CEREBROSPINAL FLUID. ________________
On admission 48 hrs.~ 96 hrs* l44 hrs.
Hame T BP C P T BP C P T BP C P T BP c p
A .R . + + - + - — ± — —
J.M cG . + + + 500 + H* + 4 0 0 -fr - -> 100 - —
I . S . + + + + + 170 — - 130 - 70
A .3 . + + + 700 + + + 420 - 110 — - 80
B .R . + + + 56o + - 220 + - — 220 — — -»
P .P . + + + 3 0 0 + + + 280 + - - 180 — — - 90
M.C. + + 4 o o + + + 200 + + + 90 ~ - —
A .P . + + + 500 + - 4 0 0 - - 120
G. Me I . + + + 4 o o + + + 3 0 0 + + + 150 — - — 100
F .O 'B . + + + 180 + + 140 + + + 90 + ~ - 50
W.W. + + + + + + + — - — — —
w.u. + + + 190 + + + 170 •f - - 100 - - - 90
J . F . + + + 210 Hh + + 150 - - - 130
M .S. + + + 150 + - - 90 - - -
B. A. + + + + - + - — — 100
T .K . + + + 260 + + + 200 + — — 80 — - — 60
B .C . + + + 500 + + + 260 + + + 200 H~ - - 100
B« R. + + + Hh — + - - - — —
R.McA. + + — 260 ± — • 100 — - - 60
J . S . + + + 260 H* - - 220 Hr - _= 180 - - - 90
A .A . + + + •f + + + - Lm - -
J . S . + + + + + + 130 - - - 100
S .H . + + + 21 0 + + + 180 + + + 70 - - ■» 50
o . c . + + + 210 Hh + + 110 + - H* 70 — - -
M.G. + + + 150 + - 180 - - - 100
R.McK. + + + 190 4f- - - 90 - - - 60
J .G . + + + 150 + - 130 - - - 100
R.M. + + + + - - - - -
J .M . + + + + - - - - -
C .B . + + - 300 + + + 2 2 0 + - - 130 - - - 80
K.McN. ±- - + 60 - + + 2 0 - + + 2 0 - - - 2 0
G .S . + + + 150 4_ + + 80 - + - 50 - - - 30
A* B. + — - 360 + - - 100 - - - 50
M .L. + — + 530 Hr + + 260 + - - 100 - - - 5 0
M .S. + + + 260 ~h - - 180 Hh - - 100 - - - 100
P.M . + + + 380 + + + 140 + - --- 150 - - -
J .M . + + + H~ + + + — - — — —
M.M. + + + 170 + - - 50 z - - 20
J .G . + + + + + + 180 H* - - 150 - - - 80
M.G. + + + 3 5 0 ± + + 250 + - - 110 - - - 50
s . S . + + + 360 + H* + 120 - - - 4 o
S e r ie s  C. 
Group V. (C o n td .)
CEREBROSPINAL FLUID.
On a d m iss io n  " 48  h r s .  96 h r s .  144 h r s .
Name T DF c P T DF c P T DF c P T DF C P
M.F. + + - 80 — - — 80
J.McG. 4- + + 300 4 - - 100 - — — 80
D.R. + + 4* - - -
i . y . + + 4- 90 4* — - 90 — — — 70
J.F.
J .H . +
+
+
+
+
4oo
360
+
4-
*“ 140
180
+ — 4 s 40
100
— — — 30
J • R. + + 4- 340 + - 150 - — — 30
c .w . + - - 700 4" - - koo 4- - — 120 — — — 50
J .R . + 4* + 46o 4- - 4* 180 - - - 90
H.O’N. 4° - + 4- -= - — - 4o
W.L. + + + 140 4* - - 100 - — — 80
A.D. + + + 700 4- 4" 4- 300 - - - 90
M.C. 4* + - 700 ± - - 360 + - - 300 - - - 200
E.M. + + - 150 4~ - - 110 — — - 100
A.McL. + + + 160 - - _ 30
P . R. 4* + + 90 - - 50 — — — 30
I . E * . 4- + 420 4" 4- 4" 11+0 - - - 40
A. P . + - — 500 - - - 80
M.D. + + + 230 4* 4" 4- 90 4* - - 90 _ - - 60
M .S. 4- + + 260 4- 4- 4- 220 - - 100
P.McG. 4h - - 110 + - - ko - - - 40
G.B. + + + ± 4- 4- 280 — - - 150
M. A* + + + 360 + 4* + 180 - - - 80
E.F. + 4- 4* 300 4" 4- 4* 230 4* 4* - 180 - — - 130
E.McF. + 4 ” 4- 650 + 4* + 300 - - - 150
S .R . 4* + + 220 + + 4- 150 - - - 60
E.McD. + 4- - 240 4~ 4* 4- 80 Hh + 4* 70 ± - - 50
M.McC. + - - 230 + - 100 - - - 20
M.K. 4* 4- + 4" 4- 4- 110 - - - 70
M .S. + + 4- 4- 4- 4" - - -
M.D. + 4* + 4- 4* 4* + - 4- - - - 90
T .R . + - - 500 4* - - 140 - - 100
M.F. + + 4" + - - - -
M. L. + + + 380 + - - 250 - - - 130
P .T . + + 4* Hh - - - - —
M. E • + + 4* 120 + - - 80 - - - 70
I .D . 4* + - - - -
B.W. + + + 500 4- 4- 4* 340 ± - 4" 70 4* - - 50
M.P. + 4* + 180 + - - 90 - - - 50
P.E. + + 4- 230 + 4- 4* 220 4* - - 150 - - - 90
M.G. + + 4- 440 7 - 4- 220 4- - ~ 160 - - - 100
APPENDIX 111#
Analysis o f  th e  Thirty-seven Fatal Cases.
Name and age.
Number of Days i l l  on admission to hospital.
Initial Temperature, pulse rate, and. Respiration rate. 
Blood Culture.
Duration of illness in days in hospital.
Effect of treatment on Bacterial Activity.
Estimation of Protein in the Cerebrospinal Fluid. 
(Broups 111 - V)
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APPENDIX IV .
Treatment Groups 1 - V. 
Duration of Signs and Symptoms.
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APPENDIX V.
Complications of Cere"brospinal Fever.
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APPENDIX VI.
Complications of Therapy.
Treatment Groups 1, 111, IV, and V.
Sulphanilamide Treated Patients.
Incidence of Drug Cyanosis, Drug Rash, and Drug Pever. 
Sulphanilaraide plus Meningococcus Antitoxin (Group IV) 
Incidence of Serum Sickness.
Sulphapyridine Treated Patients.
Incidence of Drug Cyanosis, Drug Rash and Drug Pever.
C om p lica tion s o f  Therapy.
117 S u lph an ilam id e T reated  P a t ie n t s .  
(Groups 1 , 1 11 , and IV .)
Incidence of Drug Cyanosis.
Age Day of Treatment Total
Years 1 2 3 k 3 6
0 - 1 2 1 3
2 - 2 4 1 1 8
5 - 1 1 2 4
10 - 6 3 1 10
20 - 4 3 7 14
40 -  60
.
3 3
Total 1 6 16 14 4 1 42
In c id en ce  o f  Drug Rash.
Age Day o f  Treatm ent T o ta l
Y ears_________2_________ 9
2 0 - 4 0  1 2 3
C o m p lic a t io n s  o f  Therapy (S u lp h a n ila m id e )  -  (C ontd .
In c id e n c e  o f  Drug P e v e r .
Age _ Day of Treatment Total
(Years) 5 6 7 8 12 17
2 - 1 1
5 - 1 1 2
10 - l 1 1 3
20 - ho 2 1 3
Total l 1 h 1 1 1 9
\ ij.0 Patients Treated with Sulphanilamide.
plus Meningococcus Antitoxin.
Incidence of i3erum Sickness.
Age Day of Treatment Tbtal
(years) 6 8 _ 9. 10 11 13
0 1 2 3 5
2 - 3 3
5 - 2 1 3
10 - 1 1
20 - l 1 - 2
ho - 6o ' r 1
Total 1 2 - 3  7 1 1 15
100 Sulphapyridine Treated Patients. 
(Group V)
Incidence of Drug Cyanosis.
Age Day of Treatment Total
(Years) 1 2 3 U .  _
0 - 1 2 2
2 - 1 1 2
5 - 1 1
10 - 1 1 2 k
20 - 1 1 2
kO - 60 1 1
Total - 1 6 2 2 12
Incidence of :Drug Rash•
Age Day of Treatment Total
fY^ ars) _ 6 7 8 -  S_
0 - 1 2 1 1 k
2 - 1 2 3 ■ ■
5 - 1 1
10 - 3 1 k
20 - UO 1 1 2
Total 2  2 k  6 Ii+
C o m p lic a t io n s  o f  Therapy (S u lp h a p y r id in e ) -  (C o n td .)
I n c id e n c e  o f  Drug F e v e r ,
Age Day of Treatment Total
(Years) 6 7 8 9
0 - 1 1 1 1 3
2 - 1 1 2
5 - 0
10 - 3 3
20 - 1 1
UO - 60 1 1
Total 1 2  h 3 10
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